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Decline in both visual acuity and visual performance is a fact of life for older people and their 

increasing share of the population requires that buildings be designed with their visual needs in 

mind. As their field of vision decreases, people find it harder to identify an object’s location, 

distance, and orientation. Elderly people with vision impairments usually find it harder to perform 

daily activities such as navigation through indoor spaces. Functional vision can be improved by 

modifying the design of spaces, for example, with better lighting. However, architects typically 

do not know how to take the needs of the visually impaired into account in their design process, 

or simply do not think of doing so. The researcher designed and feasibility-tested a prototype 

person-centered tool to help architects judge how appropriate a designed space will be for 

visually impaired people. The study was conducted as a qualitative mixed-methodology 

research analysis. The researcher used knowledge from literature interpretation to rationalize 

the development of a person-centered prototype. The researcher immersed design Ph.D. 

students and vision science experts to inform the prototyping process. Along with an expert 

group of design and vision science professionals, the researcher beta-tested the prototype 

during a mock design-process scenario. The researcher also selected a small group of industry 

experts to participate in open-ended interviews on post-use demonstrations to qualitatively 

triangulate the findings on the prototype’s usability. The study summarizes the feasibility—

including the challenges—of using the prototype for professional purposes and suggests 

improvement.  
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Chapter 1: Introduction 
 

1.1 Background  

The design of space and a person’s response to that space are at the core of architecture 

(Dursun and Pelin, 2009; Tenbrink & Thora, 2011). An architect’s challenge is to make spatial 

nothingness perceivable to the user (Tenbrink &Thora, 2011).  

 

Orientation in general is a matter of perception and of identifying one’s surroundings (Lynch, 

1981: 131). According to Norberg-Schultz (1980) and Van Nes (2012), a person’s orientation in 

space depends on the character of the place. Architectural design is used to strengthen its 

physical and spatial elements: the quality of light and the composition and colors of the 

terrestrial surfaces. Behavioral studies demonstrate the significance of vision in an “integrated 

visual/haptic perception, especially when judging size, shape, or position (Kelly et al., 2004; 

Eimer & Driver, 2000; Muecke, Mikesch & Zach, 2007; Pallasmaa, 2012). For example, one can 

experience the dominance of vision by exploring a sculpture blindfolded; the hand and body 

generate an image completely different image than that generated through the eye and mind 

(Kennedy & Miller, 1993). The following sections summarize the issues related to vision 

impairments in the aging population older and design considerations to be more responsive to 

their needs.   

 

1.1.1 Issues Related to Visual Impairment in the Aging Population  

In the United States, the number of people above the age of 65 is expected to be 72.1 million by 

2030 (Dupuy et al., 2013; Perkins et al., 2010; Whiteside, 2012). It will therefore be important to 

design buildings with their needs in mind (Dupuy et al., 2013). The National Eye Institute reports 

on their website that “blindness or low vision affects 3.3 million Americans age 40 and over. This 

figure is projected to reach 5.5 million by the year 2020” (NEI, 2004; cf. Congdon et al., 2004). 

According to a study conducted by the University of Utah on visual perception and spatial 

cognition for improved web accessibility, “The majority of these individuals has some usable 

visual ability, but is impaired in ways that significantly affect the ability to perform everyday 

activities” (University of Utah, 2009; cf. VHA & BRS, 1996 and Lowvision.com, 2012).  
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Visual impairments such as age-related macular degeneration (AMD), glaucoma, and retinitis 

pigmentosa are responsible for partial or complete loss of the field of view (FOV) (Brawley & 

Noell-Waggoner, 2008). The FOV has been commonly defined as the extent of the observable 

world over which information can be extracted at a brief glance without eye or head movement 

(Karlene et al., 1988; de Jong, Martin & Hürst, 2012; Thorsten et al., 2009).  

 

A recent population-based study demonstrated that visual measures such as contrast sensitivity 

and FOV are good predictors of balance and mobility performance (Turano et al., 2004). Spatial 

information is processed and/or perceived differently depending on the region of the retina 

receiving the light (Falk, 1985; Neville & Lawson, 1987). The central region, also known as the 

central FOV, is used for viewing sharp, precise, and fine details (Falk, 1985; Monaco, 2007; 

Neville & Lawson, 1987). The region surrounding the central FOV, known as the marginal or 

peripheral FOV, is weaker (Falk, 1985; Monaco, 2007). Objects seen within this region appear 

less sharp and dull (Falk, 1985, Neville & Lawson, 1987; Monaco, 2007). A decrease in the 

peripheral field of vision causes distortions in spatial representation affecting the ability to carry 

out daily activities such as driving or navigating in unfamiliar environments (Fortenbaugh et al., 

2007; Kalia, 2008; Monaco, 2007; and Pallasmaa, 2012).  

 

Although vision “is regarded as the noblest sense” (Pallasmaa, 2012: 15-16; cf. Amm, 2000) 

and its loss is considered to be the most significant physical loss (Pallasmaa, 2012: 15-16), 

there has been very little research on low-vision problems or the effects of the FOV on 

orientation in indoor environments (Kalia, 2008). Additionally, there has been relatively little 

effort to relate vision research to architectural design, particularly during early design stages. 

For example, Turano et al (2004) note the dearth of studies on the role of the FOV for navigation 

of the built environment. Therefore, architects need a way to use what is already known about 

low-vision conditions as they design spaces for older people with vision impairments. 

 

Bradley and Dunlop (2004) tested the responses of people with visual impairments to mobile 

wayfinding systems. Their findings suggest that wayfinding systems for visually impaired people 

need to account for the significant differences in how people with visual impairments encode 

spatial information within different contexts. The natural peripheral vision is a dull blur and it is 

therefore much more difficult to perceive spaces without the precise central vision.  
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Turano et al. (2005) tested the impact of central- or peripheral-visual-field loss on walking. The 

outcomes of the study suggest that loss in peripheral vision is associated with disorientation and 

the loss in central visual field is associated with failure to detect elevation changes. The loss of 

peripheral vision on one or both sides limits the area over which a person can gather visual 

information at a given instant; this is the strongest visual determinant of reduced mobility (Black 

et al., 1997; Turano et al., 2005). In addition to perceiving spaces, it has been suggested that 

people who have lost central vision have problems detecting depth in the environment; for 

example, they find it hard to detect drop-offs and to negotiate stairs (Szlyk et al., 1998).  

 

All told, it is not clear from the literature what the precise roles of central or peripheral vision are 

for navigation. It is therefore necessary to first understand how people make sense of spatial 

representations. A person with normal vision typically cannot comprehend a space in the same 

way that someone with impaired vision does (Banks & McCrindle, 2008). Simulation techniques 

have been developed to help a person with normal vision understand distorted visual conditions. 

However, it has been suggested that while such simulations provide solutions to help the 

visually impaired better perform daily activities; they fail to simulate the dynamic nature of a 

vision-loss condition. 

 

Thus far, one study has attempted to understand the impact of the design process on improved 

navigation for visually impaired individuals. Rousek and Hallbeckon (2011) examined the 

wayfinding patterns for simulated visual impairments in which participants with normal sight 

wore one of five goggles to simulate a specific visual impairment: diabetic retinopathy, 

glaucoma, cataracts, macular degeneration, or hemianopsia. In this study behavioral data was 

gathered while participants navigated spaces with and without the goggles. Their findings 

suggest that conducting improvements in wayfinding design for the visually impacted individuals 

may also improve wayfinding for those with normal vision. The study highlighted that even after 

the architects followed Americans with Disabilities Act guidelines (ADA, 2002) for designing 

spaces; those with visual impairments still had difficulty navigating through facilities (Rousek & 

Hallbeckon, 2011). The study also suggests that for the visually impaired, wayfinding issues and 

accidents, such as slips, trips, and falls, are due to design issues not covered in the ADA 

regulations, such as poor lighting, signage congestion, shiny tiles, and changing floor patterns 
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(Rousek & Hallbeckon, 2011). Rousek and Hallbeckon (2011) state that the major goals of that 

research were to develop a new design approach to address issues associated with visual 

impairments and to involve established architects to initiate an approach for spatial 

representation for people with visual impairment. 

 

1.1.2 Current Architectural Design Process  

According to Baumers and Heylighen (2012), architects significantly influence a person’s daily 

activities and certain patterns of use. Additionally, depending on the possibilities or limits of a 

specific user, his or her experience of the environment will change. According to the United 

States Architectural & Transportation Barriers Compliance Board (ATBCB), the built 

environment influences almost every aspect of human activity in our society (Harber et al., 

1991).  

 

Consequently it is important that the design communicate necessary information effectively to 

the user, regardless of ambient conditions or the user's sensory abilities (Rainger, 2005; Ross, 

2001; Thompson, 2002). However, architects often lack knowledge on or fail to anticipate, user 

needs (Bernardi & Kowaltowski 2010; Nicol & Pilling, 2000; Salama, 1995; Salama, 2005). 

Therefore, it is essential to propose a design process to ensure application of a more person-

centered design.  

 

According to a study conducted by Bernardi and Kowaltowski (2010), the typical presumption 

blind, by removing any obstacle in the day-to-day use of such spaces. Even still, the architects 

were unable to fully meet the needs of disabled individuals. According to Bernardi and 

Kowaltowski (2010),  

The blind and disabled don’t have the same needs, yet the current spaces that 

are designed for the disabled don’t usually account for the level of ability. Often 

times, the information these users give to architects and planners are confused 

(P.381; cf. Christophersen, 2002) 

Although the visually impaired cannot see details in the built environment, they 

often have some discernment of contrast or light. (P.386) 
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Therefore, even when architects have the desire to adapt their designs for visually-impaired 

users, they do not always receive clear information about how to do so. According to Hadjiyanni 

(2008) and Bernardi and Kowaltowski (2010), architects should aim at designing facilities 

suitable for people of varying abilities. According to Harber et al. (1991), both federal and state 

legislation recognize people with disabilities as active human beings capable of participating in 

all of life's activities. These laws require all new and renovated buildings across the country to 

apply the new and uniform building standards and codes. According to Harber et al. (1991),  

 

However, each city, county, or state may develop their own regulations means that there is no 

universal method that architects and designers can use to meet these standards. Most 

prescriptive standards are too general to be useful and do not provide for the special needs 

associated with normal age-related changes to the eyes. Therefore, the IESNA is working on 

further establishing and implementing the standards for the aged and persons with visual 

impairments more stringently (Noell-Waggoner et al., 2006). However, in the end, it is the 

architect’s responsibility to make sure that the design for environments goes beyond compliance 

with Americans with Disabilities Act (ADA) or numerous other minimal regulations (Novak, 

2011).   

 

Thus when designing for people with special needs such as the persons with visual impairments 

an architect must first understand the capabilities of the user needs. This means that the 

architect must also study the consequences of the accessibility standards to satisfy the user 

need, before applying the accessibility mandates to design the project. Furthermore, not all 

architectural design projects effectively address issues related to vision impairment in an aging 

population. Consequently, the architectural design procedures must evolve to better consider 

the growing needs of the vision impairment needs among aged population. It is prudent that the 

design professional think about accessibility in the beginning of a project and specify products 

that meet design goals for people with different abilities. Along with establishing programmatic 

requirements, there is a need for new representation approaches to better design environments 

for the older persons with visual impairments. There is a need for communication between 

architects and the user to enable person-centered design.  
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Moreover, when designing spaces for older persons with vision loss, the architects would need 

to adopt design assistance tools that can represent spaces for the vision impairment conditions. 

It is crucial for architects to develop and implement new design practices based on increased 

awareness on how people with vision impairments would use spaces. Thus, developing better 

digital tools with potential to facilitate the representation of spaces for older persons with visual 

loss in the early design stages would be essential. In what follows, current practices and issues 

with using representation methods when designing for the persons with visual impairments 

during the early design stage are elaborated. 

 

Presently, architects use sketches as an aid for visual thinking, in analysis and for design 

(Cross, 2006; Dorsey, 2007; Heylighen et al., 2009). During the conceptual phase of design, 

freehand sketching has traditionally been used widely for illustrating design ideas and regarded 

as an essential design conceptual tool (Bilda & Demirkan, 2003; Cross, 1999; Goel, 1995; 

Kavakli et al., 1999; Schon, 1983; Suwa & Tversky, 1997; Tversky, 1999; Zhu et al., 2007). 

Through this mode of translation, the designer clarifies the characteristics of the design, 

communicates the design, and stores ideas that are created through his or her imagination at 

the early stage of design (Atman et al., 1999; Dorner, 1999; Lipson & Shpitalni, 2000; Purcell & 

Gero, 1998; Zhu et al., 2007). 

 

To supplement freehand sketching, Computer-Aided Architectural Design (CAAD) tools have 

become an important tool for architects to realize their designs. Gane and Haymaker (2008) 

have studied the design processes associated with high rise buildings and it was observed that 

most architects generally use traditional tools such as AutoCAD, 3D Studio, and Photoshop for 

generating design options. A few architects also used simple 3D developing software such as 

FormZ, Google SketchUp, and MS Access, among other tools (Gane & Haymaker, 2008). It is 

not clear to what degree a blind or vision-impaired individual has any spatial awareness in a 

given place (Apelt et al., 2007). Figure 1-1 illustrates the prevailing archetypical architectural 

indoor space design process. 
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Figure 1-1: Prevailing archetypical architectural indoor space design process 

 

As shown above in the flowchart example for the existing design process, the architect is able to 

make major changes to the design during the initial stages. When designing a facility serving 

older persons with vision impairments, most of the information about the vision condition can be 

obtained from the client, and addressed with prescriptive design standards and guidelines. 

However, this information is not sufficient to understand the space from the perspective of older 

persons with vision impairments. Furthermore, the existing reference guides and standards only 

provide limited information, useful for setting minimum requirements. This limits designers from 

exploring the design creatively. In the existing design process, full-scale mock-ups are built 

during the construction phase to find if the design of the space satisfies or exceeds 

expectations. As shown in the flowchart, due to budget constraints and time limitations during 

this phase it would be very difficult for the architect to implement major changes to the design. In 

response to these problems, Figure 1-2 illustrates the design process proposed in this study.  

 

Redesign 
(major changes)

Make Minor
Modifications

Repairs

Redesign 
(major changes)

Maintanence

[Yes]

[No]

Meets User 
Accessibility 
requirements

Occupancy / Evaluation[Yes]

Meets User Accessibility requirements

Meets minimum requirements

[Yes]

Client approves Design

[No]

Construction / Documentation
(Build generic mock up)

[Yes]

[No]

Design Development 
(Refer Standards and Code)

[No]

conceptual design 
(make sketches)
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Figure 1-2: Proposed alteration to the existing architectural indoor space design process 

   

In this study the researcher proposes a design assistance prototype tool for early design stage 

that can provide architects additional opportunities to explore the potential of improving 

decision-making when designing for older persons with vision loss. The potential to make major 

modifications early on in the design phases would increase with the introduction of the prototype 

tool. Based on the interpretation of the literature, the study analyzes a potential prototype tool to 

represent loss of FOV to inform the early design process. The proceeding sections briefly 

discuss the goals and methodology adopted during this study.   

 

1.2 Problem Statement 

The problems raised during the study are presented below: 

Over the next four decades, the United States is projected to experience rapid growth in its 

elderly population (Vincent & Velkoff, 2010). Age-related eye diseases and vision loss are 
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common conditions experienced in the older population (NEI, 2006). One of the major 

drawbacks in the design process is due to the lack of early stage representation tools that can 

improve the architect’s decision-making capability when designing spaces for older persons with 

vision loss. The following problem was analyzed in this study: 

 

Can a person-centered prototype tool improve early stages of decision-making for architects 

when designing spaces for older persons with vision impairments?  

 

1.3 Scope of Research 

This research was conducted to fulfill the following major goals and objectives. 

  

1.3.1 Goals  

The goals for this study include the following: 

 To improve the architect’s decision-making capacity to be more responsive to user 

needs, 

 To be catalysts for altering architectural design process so that the field incorporates 

issues of vision impairments, and 

 To improve the quality of built environments for persons with vision impairments. 

` 

1.3.2 Objectives  

The objectives for this study include the following:  

 To reference the literature to determine the conditions for the common vision 

impairments among older persons, 

 To adopt age-related vision impairment into a prototype tool that can re-represent 

spaces during the early stages of the design process, and 

 To demonstrate the usefulness of the prototype tool to improve early design decision-

making when designing spaces for older persons with vision loss. 

 

1.3.3 Research Approach 

In this research, the problem is established as a decision-support prototype by which the 

decision-maker, in this case an architect, is better informed concerning whether the designed 

space is applicable for older persons with a loss of central or peripheral vision. This study 
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emphasizes design from the perspective of older persons with vision loss. Design 

considerations for occupants suffering from other types of vision impairments may be different, 

based on the nature of vision loss, and the person’s behavior and gait patterns. This was 

considered as a limitation of this study. The intention is that the lessons learned from this study 

can contribute as a guideline to conduct similar studies for different types of vision loss 

conditions in future.   

 

 This purposive qualitative research strategy used a combined three-phase research method. 

Referring to Groat and Wang (2013), this research broadly employed three research strategies: 

logical argumentation, prototype and qualitative research. Three strategies were conducted in a 

sequence of distinct phases. The study largely depended on the researcher’s interpretation of 

the collected data. The purpose of this research was to use existing prescriptive theory to 

elaborate and extend proscriptive theory related to decision-making when designing spaces for 

older persons with vision loss. A grounded theory method was then used to understand 

decision-making when designing spaces for older persons with low vision. Through prototyping 

of a new decision support tool, the procedures for designing architectural space was intended to 

be improved using a more person-centered design process.  

 

1.4 Summary of Research Methods 

The major tasks conducted during this study included the development and evaluation of the 

usability of the prototype decision support system, for improving the architect’s decision-making 

capabilities, using a selected case study project. The findings of this study will contribute as a 

catalyst for future research possibilities in architectural design that is sensitive to the needs of 

vision-impaired users.  

 

Phase 1: Logical Argumentation 

According to Groat and Wang (2013), all research involves interpretation. Phase 1 of this study 

included the interpretive literature review used to build rationales for building a prototype design 

assistance tool. The tool was designed to be suitable for assisting architect’s decision-making 

capability when designing spaces for older persons with vision loss. Interpretation of the 

literature was used to ground the argument for the selection of the vision degradation functions 
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and the strategies for modeling these functions for developing the re-representation prototype 

design assistance tool.  

 

Phase 2: Prototyping  

The prototyping phase of this study included a strategy to develop a prototypical mathematical 

representation of spaces for people with low vision. Logical argumentation provided background 

information on the representation mechanism. The researcher developed the first iteration of the 

prototype presented as a Graphical User Interface (GUI) and it was considered as an initial 

design prototype. This initial prototype model was then presented to eight Ph.D. students with 

experience in developing design decision-making tools and having 5 to 15 years of architectural 

design experience and two vision science experts in a member checking study. This study was 

used to gather feedback on prototype software design requirements and appropriate vision loss 

representations. The overall objective of the prototyping process was to create a goal-oriented 

prototype that could help designers apply a person-centered design to evaluate space for the 

older persons with visual impairments. The user group feedback in the form of open-ended 

interviews was used to modify and design the next iteration of the prototype. Using the 

feedback, the researcher finally developed a working prototype. The usefulness of the prototype 

tool for improving the design process was beta tested in the following phase.  

 

Phase 3: Qualitative research   

Qualitative research methods were adopted to find expert opinion on the usability of the 

proposed prototype tool to improve decision-making when designing spaces for older persons 

with vision loss. Thus, the study was directed towards an architectural design better process to 

incorporate issues of vision impairments. In Phase 3, the qualitative research strategy was used 

to beta test and determine the usefulness of the prototype tool for supporting design decision-

making in three additional steps.  

 

Step 1: Collaborative immersive design case study 

The first step included beta testing the working prototype developed during the phase two-

prototyping process. For this, purposeful selected “experts” were immersed into an architectural 

design problem when using the prototype tool. In addition to capturing the first person 

experience during expert interviews, as a part of the qualitative study, the question of usefulness 
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of the prototype was addressed. The researcher kept a journal to document reflective thoughts 

as they relate to the objectives of the research. 

 

Step 2: Expert validation 

In an attempt at data triangulation, a research method involving expert validation was conducted 

among knowledgeable members of the design and vision science community. The members 

were stakeholders for the design of supportive environments to gain expert feedback concerning 

the usefulness of the tool in supporting decision-making when designing spaces for older 

persons with vision loss. Expert validation was conducted as a post-use study and the 

consensus was collected as a part of open-ended interviews.  

 

Step 3: Qualitative Triangulation 

Qualitative triangulation was the final step to the study. It involved cumulative analysis of the 

findings from the three data sources including the researcher’s interpretation of the findings 

during the study, user feedback gathered during the immersive case study and finally the expert 

validation open-ended interviews. Qualitative triangulation was used to find the final consensus 

for credibility of this study in order to answer the primary research question: “Can the decision 

support prototype be used to provide proscriptive support to make decisions when designing 

spaces for older persons with vision loss?” Figure 1-3 illustrates the representation of FOV for 

indoor environments that was applied to the prototype. 

 

 

 

 
 

 
 
 
 
 
 
 
 
 

 
Figure1-3: Demonstration of Representation of FOV for Indoor Spaces 
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1.5 Contribution to the Body of Knowledge 

The successful incorporation of the prototype tool developed through this study would improve 

the design of architectural spaces for persons with restricted FOV. The proposed work will target 

the following audiences. The potential impact of the study on each group is described below. 

 Architects: Development of computer realistic spatial representations as seen by persons 

with impaired eyes would help architects better design indoor spaces for persons with visual 

impairments.  

 Students: The spatial representation tool could be used to inform and increase awareness 

among architectural students regarding the representation of space for persons with vision 

impairments. This should help students develop skills to better understand low vision 

conditions. New design methods could be taught, especially to develop alternative ways of 

presenting design solutions to clients/users with specific needs. 

 Lighting designers: Literature suggest that good indoor lighting design can improve 

functional capacities of persons with vision impairments. This study can support decision-

making for lighting design to improve space design for persons with visual impairments.  

 Owners/operators of facilities with aging population: This study offers information 

relevant to a growing healthcare sector. Applying design strategies targeted at assisting the 

elderly and alleviating low vision conditions would lead to improved satisfaction, safety and 

flow within facilities.  

 People with vision impairments: Improved environments and efficient spatial design 

suitable for space movement could reduce falls and injuries. Furthermore, representation 

models may help medical researchers and ophthalmologists experience, detect and treat 

low vision conditions. 

 Code/safety officials: Shortcomings in the current codes and safety regulations could be 

avoided with the use of the proscriptive representation method. For example, improved 

design guidelines could improve the quality of life for people with low vision—and especially 

for people with loss of central or peripheral vision. 

 

1.6 Limitations of Research  

The limitations encountered in this study are listed below: 

1. FOV and impacts for vision impairments  

 Only selected vision impairment conditions were addressed. 
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2. Spatial Representation  

 Simulations of vision impairment conditions were not completely accurate; thus the 

prototype was only a demonstration of the vision impairment functions. The vision 

functions were flexible and designed in such a way that in future, an accurate vision 

function algorithm can replace the existing vision functions.  

 Due to lack of metrics that could help convert medical imaging of data into graphical 

representation, literature on selected impaired visual conditions and other techniques 

used to represent various visual acuities were used to develop the representation for the 

visual conditions.  

 Representation through simulation had limits due to translation (software). 

 The study was a representation of a brief glance of the observable world without eye or 

head movement.  

 The representation of space through only one sense (vision) was considered for this 

study. 

 The prototype was used as a demonstration of the lighting design capabilities (luminance 

map, alteration of contrast and brightness). 

 

The emphasis of this study is from the perspective of older persons with vision loss, the 

considerations for younger people with vision loss or older persons with healthy vision may be 

different.  
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Chapter 2: Literature Review 
 

Review of the literature plays an important role in this study to define the research questions 

and to inform the development of the prototype tool. In this chapter, the current knowledge, key 

theories and issues related to low vision and its influence on architect’s decision-making 

capability are discussed. The chapter identifies the gaps in the related areas of study.  

 

2.1 Space  

This study refers to German philosopher Gernot Bohme essay on “Atmosphere as the Subject 

Matter of Architecture” (2005) to describe space. According to this, space is only a void, tangible 

and undefined structure. An individual can experience the nature and the physicality of the 

space while interacting with the atmospheric qualities embedded within the space. Architectural 

features such as lighting, materials, environment, and objects contribute to create the 

atmosphere of the space (Böhme, 2005; Zumthor, 2006). These aspects of architectural space 

are examined in more detail in the following sections. 

 

2.1.1 Spatial Representation  

Spatial representation is essentially the process through which architects become aware of their 

design using a virtual medium. Spatial representation is useful in informing the architect about 

potential cues that are important for movement and for orientation in the surrounding 

environment. For this study, representation has been operationalized as the information content 

in the visual field useful for orientation in space (Hadjiphilippou, 2013). Orientation in spaces can 

be determined with the ability to perceive and identify with the surroundings (Norberg-Schulz, 

1980; Lynch, 1981; Smalberger, 2007). However, the character of a space cannot be completely 

experienced without cues that are important for movement.  

 

In his studies on orientation, Norberg-Schultz (1980) describes that the character of a place is 

strengthened by the influence of the physical and spatial elements including environmental 

dimensions such as qualities of light and the composition, and colors of the terrestrial surfaces. 

According to Thiis-Evensen (1987), the essence of architecture can be represented in the 

smallest detail of the enclosed space, the qualities such as the materials, color, and the number 

and manner of openings in walls inform the space quality. However, the cues concerning 
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environmental information about a space reach an individual through the five senses. Pallasmaa 

(2012) states that the sight separates us from the world, while the rest of the senses joins him. 

This infers that the visual space is supplemented perceptually by cues based on multisensory 

experience of space such as auditory (sense of hearing), kinesthetic (sense of bodily 

movement), olfactory (sense of smell), and gustatory (sense of taste) experience (Gibson, 1966; 

Hadjiphilippou, 2013; Pallasmaa, 2012; Zumthor, 2006). Pallassma (2012) also suggests that 

the character of a space and a unified perceptual experience of a place is a combined effect of 

these sensations (Merleau-Ponty, 1964; Muecke, Mikesch, & Zach, 2007).  

 

2.2 The Sense of Vision  

The human vision system is the primary mechanism for receiving information on learning and 

reasoning (mass.edu, 2012). Pallasmaa (2009) writes, 

An unconscious experience of touch is unavoidably concealed in vision. As we 

look the eye touches, and before we even see an object, we have already 

touched it and judged its weight, temperature and surface texture. Touch is 

unconsciousness of vision, and this hidden tactile experience determines the 

sensuous qualities of the perceived object. (100-2) 

Therefore, due to the importance of the eye over other sensory stimuli, some would argue that 

architecture has turned into an art form of visual imagery (Pallasmaa, 2000). According to the 

philosopher Plato, the sense of vision typically dominates the human perception of space and a 

loss of eyesight is considered the physical ultimate loss (qtd. Jay, 1994). Behavioral studies 

conducted by Eimer and Driver (2000) and Pallasmaa (2012) show the dominance of vision for 

an integrated visual/haptic percept based on sight and touch—especially when judging size, 

shape, or position. Studies by Levin (1993) and Pallasmaa (2011) also suggest the importance 

of vision for its capacity to provide information from extremely distant objects in the environment. 

 

Architecture has been predominately taught, theorized, practiced and critiqued as an art form of 

the eye (Pallasmaa, 2005). The eye is like a camera, where the eyelid is the shutter. In this 

metaphor, the retina (or the back surface of the inside of the eye) can be compared to the film in 

a camera, while the lens (within the eye) is analogous to the single lens of the camera. The lens 

and the iris combine to control light entering the eye and focus it on the retina (Falk, 1985). The 

range of light intensities to which one can reasonably respond is enormous, (about a factor of 
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1013 between upper and lower limits) (Falk, 1985). Vision cannot be captured, but it is essential 

to understand how one sees. For instance, if the photo-reactive layer (retina) gets damaged, 

then the image will be distorted, or blurred—sometimes making it impossible to see. Figure 2-1 

illustrates the basic structure of the eye.  

 
Figure 2-1 Structure of the eye 

 

The retina of the eye contains non-uniform distribution of the light sensitive layer (the 

photoreceptors) consisting of a dense array of rods that enhance vision in low lighting, and the 

cones that respond to higher luminance and help us detect color (Falk, 1985; Ferwerda, 1998). 

Photoreceptors on the retina are activated by light and these in turn, initiate signals or impulses 

through the optic nerves to the brain where image interpretation takes place (Falk, 1985; 

Ferwerda, 1998). The resolution is not uniform across the retina. The two photoreceptor types 

act like two different film speeds in a camera to deal with different light levels. The changing of 

sensitivity of the retina in response to overall light levels is called adaptation (Falk, 1985; 

Ferwerda, 1998; Hecht, 1987).  

 

4 million cones cells are concentrated in a small area in the center of the retina called the 

macula. The cones are responsible for the detailed or precise vision (for visual tasks that require 

high resolution, such as reading) and function in higher illuminance levels (Hecht, 1987, Sec. 

5.7). The sharpest vision occurs in the fovea, which is located at the center of the macula. 
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During relatively bright scenes, the cone receptors are primarily active (Hecht, 1987, Sec. 5.7). 

The vision is also called photopic, and is normally most effective during the day (Falk, 1985). To 

get a view of the entire scene, the eye must move from point to point in different directions so 

that different parts of the scene fall on the fovea, the small region of the sharpest vision.  

 

Color vision takes place only under relatively high brightness conditions (Falk, 1985; Williamson 

& Cummins, 1983). Red light focuses slightly behind the fovea in comparison to the blue right 

and thus red images may appear slightly closes to observe in comparison to violet blue images. 

This also means that the eye cannot focus on red and blue simultaneously (Falk, 1985; Hecht, 

1987, Sec. 5.7). Thus, warm colors tend to advance, while cooler colors tend to recede. 

Typically, architects and artists have taken advantage of these natural phenomena for design 

purposes (Falk, 1985). 

 

About 100 million rods cells populate the area away from the center of the eye and are mostly 

concentrated in the retinal periphery (Falk, 1985; Hecht, 1987, Sec. 5.7). The rods are absent in 

the fovea. Rods respond to lower light levels and do not detect color and are therefore primarily 

responsible for night vision (Hecht, 1987, Sec. 5.7; Williamson & Cummins, 1983). This vision is 

also referred to as scotopic (Hecht, 1987, Sec. 5.7; Williamson & Cummins, 1983). Due to the 

lower concentration of cones in the rest of this region, there can be no detailed vision within very 

low luminance (Falk, 1985).  

 

The ways in which the rods and cones work together determines how an individual sees his or 

her surroundings. The rods turn off under photopic conditions; conversely, the cones do not 

respond under scotopic conditions (Hecht, 1987, Sec. 5.7; Williamson & Cummins, 1983). The 

resolution is determined by how much information gets to your brain via the fibers of the optic 

nerve. Typically, just a few cones in the fovea are connected to the same optic nerve fiber, while 

several thousand rods in the periphery of the retina may be funneled into one fiber (Falk, 1985; 

Hecht, 1987, Sec. 5.7; Williamson & Cummins, 1983). The funneling in the fovea results in more 

fine details of the image reaching the brain from the central region. Because many rods are 

wired together into a single optic nerve fiber, their sensitivity to low light levels is increased.  
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However, the rods are more sensitive to light than the cones, in particular; the rods are most 

sensitive in the short wavelength region of the electromagnetic spectrum, the blue, while the 

cones are most sensitive in the long wavelength region, the red (Falk, 1985; Hecht, 1987, Sec. 

5.7; Williamson & Cummins, 1983). In the following sections, different regions of human vision 

are discussed along with common visual impairments that affect each regions of vision. A more 

detailed discussion of conditions that can cause low vision follows in Section 2.4. 

 

2.3 Field of Vision (FOV) 

Field of view or field of vision (FOV) is the angular amount of the visible world when looking 

straight ahead without any eye or head movements that is seen at any given moment (Ball et 

al., 1988; Ball et al., 2002; de Jong, Martin & Hürst, 2012; Thorsten et al., 2009; Walsh, 2011). 

Different parts of the visual field contribute to the processing of visual information. Our FOV is 

the sum total of our line of sight at any given moment (also known as foveal vision) and our 

peripheral vision. The central vision provides the frontal vision, while the peripheral vision 

enables us to see what is happening to the left and the right as well as up and down (Ball et al., 

1988; de Jong, Martin & Hürst, 2012; Hansen, et al., 2009). Color vision in humans is 

concentrated in the center of the visual field while the ability to perceive shapes and motion 

tends to be much stronger in the periphery.  

 

2.3.1 Binocular vision  

Human beings have two eyes and the combined effect is called binocular vision (Falk, 1985). 

Each eye has a visual field that overlaps the visual field of the other eye. Each eye’s visual field 

is divided in half – called a hemi-field. The left hemisphere of the brain interprets the right hemi-

field of each eye. And right hemisphere of the brain interprets the left hemi-field of each eye 

(Falk, 1985; Walsh, 2011).  

 

Many animals, such as rabbits, have eyes set in opposite sides of their heads. The FOV of a 

rabbit is 360 degrees, also called a sweeping panorama. Rabbits can see all around without 

turning its head, with only a 24-degree overlap between the two eyes. However human eyes are 

placed in the front of the head, and the fields of view overlap considerably (Falk, 1985). Humans 

have a 208-degrees wide FOV with a 130-degree overlap. A normal binocular visual field is over 

190-degrees horizontally (extending from the left periphery to the right periphery) and about 
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140-degrees vertically (from the lowermost periphery to the uppermost periphery). Thus each 

eye provides slightly different views of the same scene. However, humans perceive space, in 

such a way that the image produced from either eye fuse to produce a single visual field (Falk, 

1985). Generally, FOV size naturally decreases with age, most likely due to decrease in visual 

processing speed, and the decline in the ability to ignore distracting information (Sekuler, 2000). 

However, there are other conditions that also affect a person’s FOV that were excluded due to 

time limitations in this study.  

 

A scotoma is an area in the FOV that is partially altered. Due to this condition, visual acuity is 

either partially diminished or entirely degenerated (glaucoma-eye-info.com, 2009-2012; 

meducation.net, 2007; Walsh, 2011). Generally, the area surrounding the scotoma would be a 

field of normal to relatively well-preserved vision. It has been noted that even a small scotoma 

affecting the central or macular vision would produce a severe visual handicap, whereas a large 

scotoma in the more peripheral part of the visual field may go unnoticed because of the normal 

eccentricity in the peripheral field due of vision (Walsh, 2011). 

 

2.3.2 Central field of vision (CFOV) 

Central vision or line of sight is the only place in our visual field where we can see distinctly and 

clearly (Walsh, 2011). Technically, it is defined as an imaginary optical line that stretches from a 

point of focus in the environment to the fovea inside our eye. Anything inside the line of sight 

can be seen with strong visual acuity (Falk, 1985; Walsh, 2011). The fovea is responsible for the 

sharp color vision one needs to read a book, to watch television and movies, drive, and work on 

the computer (Falk, 1985). Central vision is relatively weak at night or in the dark, when the lack 

of color cues and lighting makes cone cells far less useful (Morris, 2011). Loss of central vision 

while retaining peripheral vision is known as central scotoma (Morris, N. 2011). Age-related 

macular degeneration (AMD) and diabetic retinopathy are common eye conditions affecting the 

CFOV among people aged 50 and older (HHS et al., 2008-2009; NEI, 2009; Woo & Au Eong, 

2008).  

 

2.3.2 Peripheral field of vision (PFOV) 

The largest range of vision occurs to the right and the left of the line of sight or the center of 

gaze (Falk, 1985). Objects within it are seen with less sharpness and detail as the angle 
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distance from the central line of sight increases. This peripheral vision enables us to see what is 

happening to the left and the right as well as up and down (Falk, 1985). However, peripheral 

vision is difficult to study in an objective manner because there is no way to separate the visual 

detection of the eye from the neural processing of the brain (Lai & Chang, 2009; Palma-

Amestoy et al., 2009).  

 

As compared to other animals, peripheral vision is typically less detailed in humans; therefore 

some tasks such as color discrimination and visual acuity are substantially degraded in 

comparison to the fovea vision (Falk, 1985). The peripheral vision lacks the capacity to judge 

colors, but is a relatively good indicator of brightness and motion (Adelson & Bergen, 1985; 

Pöppel & Harvey, 1973, p. 145; Zihl et al., 1980).  

 

Tunnel vision is the loss of peripheral vision with retention of central vision, resulting in a 

constricted circular tunnel like FOV (NIRE, 2003). Tunnel vision can be caused by glaucoma, a 

disease of the eye, and has been described as similar to looking through a straw where only the 

central vision is enabled. 

 

2.4 Low Vision  

Age, pathological disorders and varying viewing conditions affect the characteristics of the 

human vision (Drew, 2005). The term “low vision” deals with individuals with a significant 

reduction of visual function that cannot be fully corrected by ordinary glasses, contact lenses, 

medical treatment and/or surgery (Vision Serve Alliance, 2013).  

 

Low vision affects people of all ages (VHA and BRS, 1996). It also impacts the quality and 

wellbeing of life (Brunnström et al., 2004). Globally, more than 161 million people were visually 

impaired in 2002, of whom 124 million people had low vision and 37 million were blind 

(Resnikoff et al., 2004; WHO, 1993). Of the 124 million people in the world who have low vision, 

around 14 million are Americans (Resnikoff et al., 2004; WHO, 1993).  Based on the study 

conducted by Congdon et al. (2004), blindness or low vision affects approximately 1 in 28 

Americans older than 40 years. Furthermore, according to Quillen (1999) and Ganley and 

Roberts (1983) approximately one person in three has some form of vision reducing eye 

disease by the age of 65. A rapid apparent increase in estimated blindness prevalence above 



22 

 

the age of 85 years suggests that blindness prevalence rises rapidly among the oldest segment 

of the population. 

 

However, one must also take visual acuity into account when considering low vision. The ability 

to resolve fine details is a measure of visual acuity (Watt, 2003). Snellen visual acuity charts are 

used to measure the size of text that can be accurately resolved at a given distance and under 

normal daytime lighting conditions. A measure of 20/20 indicates normal visual acuity. It means 

that a subject is able to resolve text at a distance of 20 meters that normally can be seen at 20 

meters. A measure of 20/40 indicates that the subject can resolve text at 20-meters distance 

that normally can be seen at 40 meters. In the United States, any person with vision that cannot 

be corrected to better than 20/200 in the best eye, or who has 20 degrees (diameter) or less of 

visual field remaining, is considered to be legally blind. Visual field restriction means that a 

person could possess 20/20 visual acuity, but if vision is affected in the peripheral fields to 20° 

or less, then that person is still considered legally blind (Drew, 2005). 

 

Some of the major research and medical advancements addressing low vision questions are as 

follows: 

 Peli (1999) developed augmented vision for central and peripheral field loss. The concept 

uses minified augmented view for persons with severely restricted field of view. Typically, a 

wide-angle camera would be mounted on a head-mounted device. This would help people 

see a wider part of the environment depicted in contours at each glimpse together with a 

normal resolution image through the display.  

 Recently, surgeons at UC Davis Medical Center have successfully implanted a telescope 

eye device for an older person suffering from age-related macular degeneration (AMD). The 

device helps to partially restore a portion of the vision lost to the disease (University of 

California, 2012).   

 

However, certain degenerative conditions cannot be cured completely and may be responsible 

for severe irreversible loss of vision. Retinal degenerative eye disorders such AMD, glaucoma, 

and retinitis pigmentosa affect the retina, a part that is essential for vision. These diseases 

affect the light-sensitive cells in different ways and progress at varying rates. Breakdown and 

degeneration of the cells can be limited to the central or the peripheral poertion of the retina 
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(Lalwani, 2005). Even the latest technological solutions can only partially restore a portion of the 

vision lost, or produce an impression of the environment (DHHS et al. 2004). Hence there is a 

need to determine alternative ways to improve the quality of life for the people with low vision.  

 

2.4.1 Issues Related to Visual Impairment among the Aged Population 

The latest demographics of aging show that there are roughly 77 million people representing 

baby boomers (people born between 1946 and 1964) (Kramer, 2001). According to the Pew 

Research Center, the first boomers hit the accepted retirement age of 65 in 2011 (Cohn & 

Taylor, 2010). According to a study conducted by the Bureau of Labor Statistics (BLS), by the 

year 2016 the number of workers between the ages 65 and 74 and those aged 75 and up would 

dramatically grow by more than 80 percent. Thus, in 2016 workers aged 65 and over are 

expected to account for 6.1 percent of the total labor force, up sharply from 2006 share of 3.6 

percent (BLS, 2008). Although still a relatively small percentage of the work force, meeting the 

needs of an older workforce has important implications on design and planning of offices and 

public facilities such as healthcare centers (Dupuy et al., 2013). 

 

Many diseases that cause greater levels of vision loss become more prevalent as people get 

older (CDC/VHI, 2009). The National Eye Institute reports that blindness or low vision affects 3.3 

million Americans age 40 and over (Congdon et al., 2004; Murphy, 2008; NIH, 2005).This figure 

is projected to reach 5.5 million by the year 2020 (Murphy, 2008; NIH, 2005). Older persons with 

visual impairments often experience difficulty in navigating corridors and hallways (Nelson et al., 

2005; Passini, 1995; Pattison & Robertson, 1996). For instance, glare, which may be annoying 

for a younger person, may be blinding to an older person (Noell-Waggoner & Dupuy, 2009). 

There is evidence that severe visual impairment in older people contributes to falls (Lamoreux et 

al., 2008; Wood et al., 2009; Ivers et al., 1998; Sattin, 1992), which are also “the leading cause 

of injury-related deaths among elderly individuals” (Lamoreux et al., 2008, p.528).  

 

Therefore, employers wanting to entice older workers will need to be creative and provide an 

environment to meet their needs (Tishman et al., 2012). In order to respond to this challenge, 

architects must understand the common functional consequences of vision loss among older 

people (Haegerstrom-Portnoy, 2005; Strong, 2010).  
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The proceeding section briefly describes the various diseases impacting the FOV among the 

older population. The section culminates with a review on the responsibility of an architect to 

understand the representations of the FOV to be able to manage and design better indoor 

spaces suitable for people with normal to impaired FOV.  

 

2.4.2 Age-related Macular Degeneration (AMD) 

Cases of early AMD are expected to double by 2050, from 9.1 million to 17.8 million for those 

aged 50 years or older (CDC/VHI, 2013). This disease gradually deteriorates the eye with age. 

In this disease, the center of the eye (the macular) becomes damaged resulting in the loss of 

central vision and an inability to see finer details (CDC/VHI, 2013; Rein et al., 2009). 

Additionally, the disease decreases visual acuity, contrast and glare sensitivity, color 

discrimination, and the ability to adapt to changes in lighting conditions (Riddering, 2008). There 

are two types of macular degeneration, wet and dry (Banks & McCrindle, 2008; RNIB, 2007; St 

Luke’s, 2007).  

 

AMD is the second leading cause of legal blindness in the United States and other developed 

countries and is the leading cause in persons over age 65 (Buch et al., 2001; Klein et al., 1992; 

Leibowitz et al., 1980; Sommer et al., 1991; Sorsby, 1966; Tielsch, 1994). Desai et al. (2001) 

suggest that AMD affects roughly one quarter of person 70 years of age and older or 

approximately 3.6 million persons in the United States (cf. National Advisory Eye Council, 1993). 

It usually affects people aged 50 and higher; by the age of 75, over 1 in 3 people have some of 

the early signs of AMD (Derenowski, 2013). According to the study conducted by the Vision 

Module of CDC’s Behavioral Risk Factor Surveillance System (BRFSS) during 2006–2008, AMD 

increases rapidly among older age groups: from 4% among those aged 65–69 years to 22% 

among those aged 85 years or older (CDC, 2013). 

 

A recent study has shown evidence that older persons with AMD were significantly associated 

with both increased rates of falls and other injuries (Campbell, 2005; Lamoreux et al., 2008). 

Additionally, it has been noted that contrast sensitivity and visual fields are better predictors of 

balance and mobility performance in age-related macular degeneration (AMD) than visual acuity 

(Hassan et al., 2002; Kuyk & Elliott, 1999; Lamoreux et al., 2008; Wood et al., 2009; Wood et 

al., 2011 



25 

 

 

2.4.3 Glaucoma 

Glaucoma is a disease of the eye that causes peripheral visual field loss (Haddrill & Heiting, 

2011). Once the FOV is impacted, people experience both mobility and night vision difficulties 

(ACBVI, 2014a). Although there are different types of glaucoma, it normally has to do with inner 

ocular pressure within the eye caused by damage to the optic nerve (geteyesmart.org, 2013). 

With early detection, the eye condition can normally be treated by medication, which can 

eliminate or reduce chances of vision loss (ACBVI, 2014a). However, if untreated, it is a 

progressive, degenerative disease, which can result in vision loss and even cause total 

blindness (Cioffi & Buskirk, 2013). The World Health Organization (WHO) estimates the 

worldwide impact of glaucoma to afflict over 13 million people with over 5.2 million blinded 

(Thylefors & Négrel, 1994). Glaucoma is an illness that affects over 3 million Americans over the 

age of 40 leaving over 120,000 of these people blind in both eyes (University Hospitals. 2013). 

The disease falls into two main categories (GRF, 2007); open and closed angle glaucoma.  

 

2.4.4 Retinitis Pigmentosa (RP) 

Another eye disease, which affects the peripheral FOV, is retinitis pigmentosa. It is a slow 

constricting of the peripheral FOV, and may result in retention of just the central portion of the 

FOV. This is a hereditary, degenerative eye condition, which is often diagnosed during 

childhood or early adulthood or only occasionally during middle age and the progression is 

gradual (Retina International, 2013). In one form of retinitis pigmentosa, the primary symptom is 

not loss of peripheral vision, but loss of central vision (inverse RP) (Retina International, 2013). 

The restrictions in visual field may be initially slow in progression, and first symptoms are 

usually complaints of night blindness and diminishing of the peripheral vision (ACBVI, 2014b). 

The central vision may still be good enough to read. However, as the field loss continues to 

progress, the individual will experience greater difficulties in travel and mobility concerns, 

requiring a cane to travel independently due to the restrictions in visual field (ACBVI, 2014b). 

 

2.4.5 Diabetic Retinopathy 

Diabetes is the leading cause of blindness and visual impairment in individuals of working age 

(Bamashmus et al., 2004; Tielsch, 1994; Robin Leonard, 2002). Approximately 40% of all 

individuals with diabetes have some degree of retinopathy (Leonard, 2002; Tielsch, 1994). This 
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incidence increases with the disease's duration and when blood glucose cannot be controlled 

(Leonard, 2002; Tielsch, 1994). Individuals with diabetes are at greater risk of experiencing 

vision loss from cataracts and glaucoma, secondary to their diabetic retinopathy (ADA, 2012; 

Kenny & Tidy, 2013; NIH, 2012b). Diabetic retinopathy is caused by the damage to the blood 

vessels and in turn the failure to feed the retina, which is in the back of the eye (ADA, 2012; 

NIH, 2012b; Kenny & Tidy, 2013). In its early stages, the blood vessels may leak fluid into the 

retina affecting the macula, the entire retina, or the vitreous and distort vision. In later stages, in 

an attempt to feed the retina, new incomplete blood vessels may grow and break, leaking blood 

into the center of the eye causing serious vision loss (ADA, 2012; Kenny & Tidy, 2013; NIH, 

2012b). According to the American Diabetes Association, a person with mild diabetic 

retinopathy easily may still be able to carry out tasks during the day, but may have more limited 

night vision (Haddrill & Knobbe, 2011). In this case, special accommodations such as 

appropriate lighting might be needed at the workplace.  

 

2.4.6 Hemianopsia 

Hemianopsia is a rare illness, in which one half of the visual field goes blind while the other half 

of the central focus retains vision (Ehrenzweig, 1973; Heuberger et al., 2011; Pallasmaa, 

2005).1 However, if the macula is involved, even the unaffected side of the vision will have a 

loss in terms of clarity and more distortion (ACBVI, 2014c). If the macula and fovea of each eye 

is unaffected, one will have much greater clarity and the ability for the individual to perform a 

higher degree of visual tasks (ACBVI, 2014c). Persons suffering from hemianopsia do not see 

complete black where the field is lost. Instead the brain fills in the lost area perceptually and it 

would appear to blend with the scene the person is viewing (Windsor, 2013). In other words, the 

field of vision later reorganizes itself into a new complete circular field of vision with sharp vision 

in the center and an unfocused field around (Ehrenzweig, 1973; Heuberger et al., 2011; 

                                                
1 Anton Ehrenzweig (1973) offers the medical case of hemianopsia  as a proof for the priority of peripheral 
vision in the psychic condition of our mechanism of sight. In a case of this rare illness, one half of the 
visual field turns blind while the other retains vision. In some cases of the illness, the field of vision later 
reorganizes itself into a new complete circular field of vision with a new focus of sharp vision in the centre 
and an unfocused field around. As the new focus is formed, the reorganization implies that parts of the 
former peripheral field of inaccurate vision acquire visual acuity, and more significantly, the area of former 
focused vision gives up its capacity for sharp vision as it transforms into a part of the new unfocused 
peripheral field. “These case histories prove, if proof is needed, that an overwhelming psychological need 
exists that requires us to have the larger part of the visual field in a vague medley of images” 
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Pallasmaa, 2005). The loss from hemianopsia is just a void in the vision (Windsor, 2013). This 

description provides useful information to picture or recreate a visual impaired condition 

affecting the FOV.  

 

2.5 Existing Theory: Use of FOV for Understanding Indoor Spaces  

Architecture is predominately an art form of the eye (Pallasmaa, 2000). Yet, it has been stated 

that perception is one of the most neglected areas for scientific inquiry (Pearson, 2010). At least 

fifty percent of the human brain is devoted to the processing of images (Yuille et al., 1998).  

However, it is not possible to directly observe what the brain is detecting and comprehending 

(Yuille et al., 1998). Furthermore, people with normal vision cannot comprehend a space, as an 

impaired person would see it (merckmanuals.com, 2006).  

 

Previous studies have focused on experimentally testing the navigation patterns for participants 

suffering from loss of FOV including tests on older persons suffering from AMD, RP, and 

glaucoma (Szlyk et al., 1990; Szlyk et al., 2001; Turano et al., 1999a; Turano et al., 1999b; 

Turano et al., 2002; Turano et al., 2005). However, there is only limited mention of FOV in 

architectural theory (Pallasmaa, 2000). For example, according to the ADA Accessibility 

Guidelines for Buildings and Facilities (ADAAG), the size of the object would need to be quite 

large (i.e. large print) in order for it to be seen in the peripheral visual field of a person with 

central field loss (Smith, 2004; Visual Communication Unit, 2013). The opposite occurs for 

people who have a peripheral field loss; in this case, the object would need to be smaller so that 

it can be seen clearly in their central field (ADA, 2002; Visual Communication Unit, 2013). 

Architects could use such information to design better spaces based on the capabilities of the 

users.  

 

Studies on low vision conditions have shown that visual impairments effect mobility such as 

obstacle avoidance, but the effects on the ability to improve navigation through design of indoor 

spaces is unclear (Kalia, 2008; Kuyk & Elliott, 1999; Marron & Bailey, 1982; Turano et al., 2004; 

West et al., 2002). Pallasmaa (2011) has claimed that contemporary architectural and urban 

settings have been designed without understanding the essence of the peripheral perception of 

a space. In general, the eye is structured in such a manner that the central vision is used for 

facial recognition or to perform detailed tasks such as reading and knitting (Falk, 1985; Walsh, 
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2011). The peripheral vision is substantially degraded in terms of visual acuity as compared to 

the central vision. However peripheral vision is also useful for recognition of built structures and 

forms, as well as for motion and stimulus detection (Hunziker, 2006; Pallasmaa, 2011). 

Essentially, the peripheral vision represents the hazy background to the detailed vision 

(Ehrenzweig, 1973; Pallasmaa, 2011). Pallasmaa (2011) suggests that the peripheral vision has 

higher priority to the perceptual and mental system. 

 

Furthermore, it is suggested that the experience of architectural space depends fundamentally 

on the unfocused or the peripheral vision (Pallasmaa, 2011). The peripheral vision influences 

the viewer particularly as it relates to the movement through a space, orientation or the 

detection of objects (Flight Safety Foundation, 2009; Thurman & Hongjing Lu 2013). Reiser et 

al. (1992) have suggested that a wide visual field is important for the development of the 

sensitivity to non-visual information during movement, and allows for the detection of information 

associated with motion and the dynamic visual information. Even a partial loss of FOV could 

majorly affect the detection and navigation capabilities of a person in relatively unknown spaces 

(Turano et al., 2005).  

 

In order for architects to address this issue, it is necessary to first understand how people make 

sense of spatial situations. There are two studies that have explicitly tested the influence of the 

central and peripheral visual fields on the nature of spatial localization. The first study, 

completed by Turano and Schuchard (1991) had participants with normal vision, peripheral field 

losses, and central field losses make relative distance judgments while sitting in one location. 

Results of this study found that participants with either type of field loss exhibited higher levels 

of spatial localization error than control participants.  

 

The second is the study conducted by Fortenbaugh et al. (2007) to test the influence of 

restricted FOV to detect the locations of objects in a virtual environment. The participants had to 

learn and were later tested on statue locations in virtual environments while their field of view 

was restricted. The ranges of restricted FOV tested were for diameters of 40°, 20°, 10°, and 0°. 

After learning the locations of the statues by walking around the environment, the statues were 

removed. Based on the results from studies investigating the effects of peripheral field losses on 

perceptual spatial localization ability (Temme et al., 1985; Turano & Schuchard, 1991), it was 
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predicted that decreases in FOV would lead to increasing distorted representations of the object 

locations (Fortenbaugh et al., 2007). Thereafter, the participants were required to walk to the 

locations they believed each statue had been located using the same FOV restriction that they 

had during the learning phase. The results of the study confirmed that as the FOV decreased, 

the participants found it difficult to identify statue location and distance due to overall placement 

errors, and increase in the estimated distances. The results further suggest that peripheral FOV 

is important for using spatial information to develop spatial representations (Fortenbaugh et al., 

2007).  

 

According to Fortenbaugh et al. (2007) the need to understand the role of the peripheral and the 

central visual fields in the development of spatial representation is important mainly due to the 

following reasons. Spatial information is processed and/or perceived differently depending on 

the region of the retina where it is received (Banks et al., 1991; Goldstein, 2002; Mullen et al., 

2005). The loss of any one region may therefore alter the initial development of any spatial 

representation (Horton & Hoyt, 1991; Johnston, 1986; Wandell, Brewer & Dougherty, 2005). 

Furthermore, through a study on orientation in a large university department, Gärling et al. 

(1983) maintain that visual access is an important factor for orientation. In this study on 

wayfinding performance of study participants with restricted FOV and normal sight was tested. It 

was found that the performance of study participants with restricted sight using floor plans 

improved as fast as that of subjects with no restricted sight (Gärling et al., 1983; Gärling et al., 

1986; O’Neil, 1991a and 1991b; Raubal & Egenhofer, 1998). This demonstrates that use of floor 

plans helped counteract the negative effects of restricted sight. However, an increase in floor 

plan complexity would further hamper the wayfinding capabilities of people with restricted sight 

(Gärling et al., 1983; Gärling et al., 1986; O’Neil, (1991a, 1991b); Raubal & Egenhofer, 1998).  

 

Understanding changes in spatial representations may help to shed light on designing spaces to 

overcome such deficits. Several studies suggest that restricting different aspects of field of view 

may influence space representation (Turano et al., 2005). Understanding the distorted 

representations would be crucial for architects when designing spaces for older persons with 

vision loss.  
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2.6 Existing Knowledge on Lighting for Impaired Vision 

Light is the fundamental element of vision (Heiting, 2010) and lighting plays a key role for people 

with normal vision when learning new layouts (Kalia, 2008; Rousek & Hallbeck, 2011). The 

human eye has the capacity to adapt to a wide range of illumination levels, but there are certain 

conditions in which it works best (Falk, 1985; Ferwerda, 1998). Even people who are visually 

impaired or legally blind have some residual vision and can perceive various levels of light 

(Vanderheiden & Vanderheiden, 1992). However, people are prone to injury in spaces with 

reduced illumination and poor contrast (Noell-Waggoner et al., 2006; Rogers et al., 2004; 

Rousek & Hallbeck, 2011; Tremblay Jr. & Barber, 2013). Additionally, people with vision loss 

usually experience difficulty in performing daily activities such as navigation through indoor 

spaces and their functional vision can be improved by modifying the lighting levels (Christensen 

et al., 2006; mdsupport.org, 2002; Noell-Waggoner et al., 2006; Rousek & Hallbeck, 2011).  

 

Navigation depends on environmental factors such as color, light levels, contrast and factors 

such as personal knowledge of environment, and age (Pitch & Bridge, 2006). Studies suggest 

that nursing home lighting is typically inadequate to meet the accessibility requirements of 

residents, with and without disabilities (Brawley & Noell-Waggoner, 2008; Noell-Waggoner et al., 

2006). It was previously noted that there is no federal standard for nursing home lighting and 

each state is allowed to create its own regulations (Brawley & Noell-Waggoner 2008; Noell-

Waggoner et al., 2006). Dim and low illumination reduces the mobility performance and affects 

the detection capabilities (Rousek & Hallbeck, 2011). Thus external factors such as reduced 

illumination or illumination changes need be taken into account.  

 

Several studies dealing with low vision suggest that an individual’s visual comfort and his/her 

subsequent performance to carry out daily activities could be enhanced by applying appropriate 

lighting design for the surrounding environment (Dupuy et al., 2013). Additionally, altering indoor 

lighting through architectural design may help to meet the needs for low vision (Dupuy et al., 

2013). For example, Kallie et al. (2012) found that interactions between environmental factors 

such as illumination, color and shape significantly affect the detection and recognition of three-

dimensional objects by people with vision impairments (Kallie et al., 2012; USACE, 1997).  
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Another example was a study conducted by Marmion (1985), to test the visual performance of 

workers with visual impairments as a function of contrast and illumination. The results of this 

study indicated that modifying the job site to be consistent with an individual’s optimum 

illumination levels could produce increased productivity for some workers. Consequently, design 

of the lighting quality and quantity, reducing incidence of glare, and installing appropriate 

signage could improve indoor navigation for people with compromised vision. The proceeding 

sections would briefly describe each of the issues.  

 

A report by a panel working on visual impairment and its rehabilitation at the National Institute of 

Building Sciences (LVDP_NIBS, 2015) states that visual detection and identification of objects 

and events in the environment can theoretically be enhanced through improved lighting and 

interior design in the home and the workplace. It also states that people with low vision have 

restricted ranges of luminance within which they can function effectively. While increased 

lighting may enhance visibility for some people with vision loss, at the same time it may be the 

causes of glare diminishing visibility for others (Pitch & Bridge, 2006). Specific methods are 

needed for assessing lighting requirements and simple ways of adjusting intensities and 

contrasts, along with effective ways of disseminating this information to lighting engineers, 

designers, and the public (Pitch & Bridge, 2006). 

 

The majority of studies which have considered the effects of illumination on the functioning of 

persons with visual impairments were more likely based on using reading performance as the 

dependent measure (Gilbert & Hopkinson, 1949; Lehon, 1980; Marmion, 1985; Steiner, 1969; 

Walleisa, 2009). From these studies, it may be concluded that: (1) for most individuals, 

increasing illumination on a visual task will improve visual performance up to a point, but 

thereafter improvement will be progressively less for the same magnitude of increase in 

illumination (Marmion, 1985); and (2) persons with vision loss are likely to benefit more from 

increased illumination depending on the nature of the preferences for the amount of illumination 

(Marmion, 1985). 

 

Therefore, the idea that an increased amount of lighting in designed spaces will be helpful to 

people with vision loss may be misleading. Most interior spaces, lobbies require the lighting of 

surfaces as opposed to volumes (Guyer, 2010). In such high spaces, high wattage downlights 
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are often recessed into the ceiling and aimed at the floor. After traveling through the entire 

volume of the space, very little light reaches the floor only to illuminate a low reflectance 

surface. Downlights can also create harsh shadows on people and objects (Guyer, 2010). This 

can adversely affect persons with visual impairments or aged users within these spaces. 

Furthermore, it is noted that glare and physical discomfort caused by contrast or luminous 

intensity especially for persons with vision loss are underutilized parameters in contemporary 

architectural design (LVDP_NIBS, 2015). Glare control is as important under artificial lighting as 

it is in daylight and the same principles must apply. Designers have to not only account for the 

right quantity of light, but also the quality of light (Dupuy et al., 2013).  

 

In the United States, lighting designers have to provide ambient-lighted environments based on 

guidelines developed by the Illuminating Engineering Society (IES). According to IES, lighting is 

generally considered necessary for safety, security and/or convenience and must be mostly 

uniform and/or continuous. ANSI/IESNA Recommended Practice - 28-2001 Lighting and the 

Visual Environment for Senior Living, Illumination Engineering Society of North America is 

followed when designing spaces for the facilities serving aged people. According to Brawley and 

Noell-Waggoner (2008), the Illuminating Engineering Society of North America (IESNA) is the 

recognized authority to set light levels in the United States, Canada and Mexico. 

 

A document was developed by the committee of the IESNA to cater to the lighting needs of the 

“aging” and “partially sighted.” The American National Standards Institute (ANSI) adopted the 

document in 2001 making it a national building standard for buildings for older persons. The 

name was changed to ANSI/IESNA RP-28-2001 and it is included in the American Institute of 

Architects Guidelines for Design and Construction of Healthcare Facilities, 2006. The recently 

updated ANSI/IESNA RP-28-2007 edition is ANSI approved. It has gained broad acceptance 

and is now the recommended lighting design practice for older persons (Brawley & Noell-

Waggoner, 2008). However, since there are no federal standards for nursing home lighting in 

the United States, each state is allowed to create their own regulations (Noell-Waggoner et al. 

2006). For example, Virginia follows the Virginia Department of Social Services, Standards and 

Regulations for Licensed Adult Care Residences, #22 VAC 40-71- 520 (Lighting and Lighting 

Fixtures, 2/1996, Richmond, Virginia). This means that when local scope or technical 
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specifications differ from national specifications, there are often questions as to which 

specification to follow. As a general rule, the more stringent specification should be followed.  

 

According to this standard, the state guidelines requires: A) that artificial lighting shall be by 

electricity and B) all areas shall be well lit for the safety and comfort of the residents according 

to the nature of activities without specific minimum target illuminance values to guide code 

officials, lighting designers and inspectors. However, without specific minimum target 

illuminance values to guide code officials, lighting designers or inspectors, the desired intent 

may not be achieved. In other words, what may be judged by a younger person to be “safe and 

comfortable” will not be adequate for an older person. Whenever, housing for older persons are 

designed or redesigned, decisions will impact the health, safety and welfare of hundreds of 

thousands of older individuals. Lighting is often not considered an integral element for achieving 

the goal of a healthy environment (Tielsch et al., 1995).  

 

Nursing homes serve very old people, 85 years of age being the average age of residents in the 

United States. Studies show that for the facilities serving the elderly such as nursing homes 

there is no federal standard for lighting and each state allows nursing homes to create its own 

regulations (Brawley & Noell-Waggoner 2008; Noell-Waggoner et al., 2006; Tielsch et al., 1995). 

Varadarajan (2011) studied the effects of illumination on medication preparation errors in a long-

term care facility. The visual performance survey of fifty-three nursing homes in four states 

found that facilities were often dimly lit which is not sufficient for even a person with normal 

vision. The illumination was rated as inadequate or for everyone using the facility in 45 percent 

of hallways, 17 percent of activity areas and 51 percent of the resident rooms (Varadarajan, 

2011). 

 

According to a study conducted by Noell-Waggoner et al. (2006), “Nursing home residents’ 

experience 13-15 times greater visual impairment than people of the same age living in the 

community” (Noell-Waggoner et al., 2006, p.#; cf. Tielsch et al., 1995). This fact is compounded 

by the institutional setting of a nursing home that restricts residents from making environmental 

modifications themselves. This means that the residents depend upon the governmental 

regulations to ensure that their needs are met. However, the national regulations do not focus 
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on requiring the quality and quantity of light to meet the visual needs of older people particularly 

in communities or in nursing homes (Noell-Waggoner et al., 2006).  

 

According to another study conducted on the prevalence of blindness and visual impairments 

among nursing home residents in Baltimore, it was demonstrated that many nursing home 

residents have impaired vision, including poor eyesight and blindness, which affects a third of 

the residents (Brawley & Noell-Waggoner 2008; Tielsch et al., 1995). However, estimates vary 

across studies of nursing home residents ranging from about 20 to 50 percent. The 

compounding of these conditions makes improving the design of lighting the best and possibly 

the only solution.  

 

A third study measured ambient (general) light levels in nursing home resident rooms. Their 

findings showed 15FC (foot-candles) to 20FC as compared to the recommended minimum of 

30FC (ANSI/IESNA, 2001). The ambient (general) lighting in these facilities ranged from 50% to 

65% lower than the recommended minimum light levels (ANSI/IESNA, 2001). Because no 

additional task lighting was provided in the rooms, residents were forced to rely on low ambient 

light for near tasks such as reading a menu or an activity calendar. When the light levels in the 

rooms were compared to the minimum recommended light levels for task lighting (50 FC to 

75FC), nursing homes provided only 20% - 40% of the recommended minimum light (Brawley & 

Noell-Waggoner 2008; Deremeik et al., 2007). 

 

Architects generally use highly accurate ray-tracing software systems such as Radiance to 

generate photometric representation of spaces (Morales et al., 2010; Ward & Shakespeare, 

1998). Software such as Radiance is used to generate images that allow pixel by pixel study of 

different lighting metrics (Inanici, 2003; Morales et al., 2010). These software systems have 

been widely used to design for ambient lighting needs, test luminance levels, daylighting 

models, and to solve issues related to glare. Recent studies demonstrates the use of Radiance 

to simulate lighting-use patterns for people with vision loss (Beckmann et al., 2011; Bochsler et 

al., 2012a; Bochsler et al., 2012b; Kallie, 2012; Legge et al., 2010; Regehr et al., 2010; 

Shakespeare, 2012). In a recent study undertaken by Regehr et al. (2010), low acuity levels 

such as 20/20 for normal vision to 20/400 for persons with visual impairments eye conditions 

were simulated to represent spaces. High dynamic range (HDR) rendered images of indoor 
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spaces were converted into filtered low acuity images using threshold bandpass filtering 

techniques developed using the Pelli and Robson contrast sensitivity chart (1990) that 

represented hazy 2D representations of spaces as perceived through various stages of low 

vision (Legge et al., 2010; Lovie-Kitchin et al., 1990; Odell, 2008; Regehr et al. 2010). The 

effects of varying illumination levels, and color/luminance contrast on persons with low vision 

were tested based on these photometric 2D renderings.  

 

The work was a good initial study on general application of low vision prototypes for 

architectural design purposes. The study also illustrated how space representation varies 

depending on the severity of the vision impairment conditions. However, it was limited to the 

effect of varying range of low acuities for indoor design. Moreover, there is a need to study the 

effect of architectural design based on a variety of vision conditions.  

 

Furthermore, researchers have not examined a decision support prototype tool that informs a 

typical design process when designing different facilities from the perspective of persons with 

vision loss. There is a need to study issues of decision-making as it relates to a more person-

centered approach during the design process. Another drawback of the above-mentioned study 

was that the prototype tool was developed as a plugin for the lighting software Radiance 

(Shakespeare, 2012). Radiance is one of the most accurate kinds of software for simulating 

specular reflections and provides realistic lighting rendering (Ward & Shakespeare, 1998). 

However, the user interface for this tool is difficult to adapt and not all architects would be 

familiar with the application (Ward, 1998). The proceeding section discusses the overall 

benefits, current trends, patterns and limitations of the existing architectural design processes 

when designing spaces for the persons with visual loss.  

 

2.7 Current Architectural Design Process 

According to Bernardi and Kowaltowski (2010), “designing is a form of problem solving and is 

based on objective and functional assessment of the space. It does not follow a formal process, 

by deduction; one reaches a logical result from posed premises” (p.379). Thereby, the process 

of designing a building cannot be fully known and is adaptable to the individual architect. 

According to the AIA, the architectural design process consists of five phases (AIA, 2006), 

including the following:  
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 Phase 1 (originate) involves the initial discussions and thoughts between the client and 

the architect on the need to build something new. While the architect is the most active 

member during this phase, the input of the owner is crucial. 

 Phase 2 (focus) involves defining the project based on aspects such as the scope, 

purpose and functionality. 

 Phase 3 (design) involves the architect’s task to formulate the shape of the project vision 

through drawings and written specifications. It is essential to establish a clear decision-

making process for the success of the project.  

 Phase 4 (build) involves the aspects related to the construction of the project. The 

contractor is the most active member during this phase. Good communication and 

interaction between the project stakeholders, accurate estimations, and scheduling 

would determine the success of the phase.  

 Phase 5 (occupy) begins the day the project is up and running. The various stakeholders 

of the projects have to maintain good communication to afford future maintenance of the 

built facility. This phase would determine the success of the design process.  

 

Figure 2-2 below illustrates a typical architectural project (either a building or a plan) delivery 

process based on a recent study (Shen, 2011).  

 
Figure 2-2: Typical architectural project delivery process based on Shen (2011) 

 

The middle phase, or design phase, is the central focus of this research. According to Shen 

(2011), architectural firms generally adopt a linear design process. Figure 2-3 shows the various 

stages of the design process system typically adopted in architectural firms (Shen, 2011). The 

goal of developing the prototype is to increase the consideration of low vision users’ needs 

during the conceptual design stage and design development stage. 

 
Figure 2-3: Stages of the design process typically adopted by architectural firms (Shen, 2011) 
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The conceptual design (also known as schematic design) stage is the foundation for developing 

design ideas (Zhu et al., 2007). According to Zhu et al. (2007), it is considered to play a 

significant role in the whole project since the final design is developed and revised based on the 

original ideas that emerge during this initial phase. The design is essentially successful when 

the design fulfills the basic demands and functions formulated in the client’s brief.  

 

According to the OGS Design Procedures Manual, the objectives of the design development 

stage are different from those of the schematic design stage (OGS, 2013). All-important aspects 

related to the project are defined and described in such a way that it remains a formal 

documentation step of the construction contract documents (OGS, 2013). The design 

development stage focuses more on the technical aspects of materials and building systems. 

Although this phase allows the designer to finalize space and function to a greater degree, the 

primary achievement is to enable the client to understand how the project will function as well as 

give more details about what it will look like (OGS, 2013; Shen, 2011; Zhu et al., 2007). All 

issues unresolved at the end of the schematic design can be worked out during the design 

development. This stage essentially reduces major modifications during the construction 

documents phase (OGS, 2013). Important tools used during the architectural design process 

are discussed below. 

 

2.7.1 Tools Supporting Architectural Design Process  

Conceptual design tools: The conceptual design phase is an iterative process in which the 

architect's proposed approach is critiqued by the client and governmental bureau until a 

consensus is reached (Shen, 2011). Conceptual brainstorming and exploration define this 

portion of the design process. According to Shen (2011), the conceptual design synthesizes the 

building from words and mental images into basic concept diagrams and rough sketches. To do 

so, first the architect creates the initial design of building systems, typically using traditional 

freehand sketching (Bilda & Demirkan, 2003; Cross, 1999; Goel, 1995; Kavakli et al, 1999; 

Schon, 1983; Suwa & Tversky, 1997; Tversky, 1999; Zhu et al., 2007). 

 

According to Zhu et al. (2007), the most important and widely adapted tools utilized in the 

architectural design phase are still pencil and freehand drawings. Interviews conducted by Zhu 
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et al. (2007) with architects imply that freehand drawing is a more efficient medium to directly 

transform ideas into paper illustration than with the current use of computer-aided architectural 

design (CAAD) tools. Zhu et al. (2007) writes: 

[T]he designer clarifies the characteristics of the design, communicates the 

design, negotiates their design process, stores ideas and reveals the mechanics 

of their thinking process at an early stage and has associations with hidden 

meanings in his or her imagination which most likely will not be fully or easily 

understood by others. (p.33)  

According to Zhu et al (2007), freehand drawing is much more effective during the conceptual 

design phase whereas CAAD tools are more useful during the design development and 

construction phases. According to Dorsey et al. (2007), this is because computer-based tools 

require highly accurate implementations of geometry and they are not suitable for conceptual 

design. 

 

Anderson et al. (2003) suggest several additional reasons for not using CAAD for early design 

process. Some of the major concerns include the following:  

- The limited viewing angle and resolution of a typical workstation screen tends to objectify the 

space being designed, leading to a tendency to concentrate on external form rather than 

inhabitable space. The shape of the screen can negatively influence the design. The screen 

also limits the object viewing angles and visual mannerisms. 

- CAAD applications tend to be optimized for the creation and manipulation of geometry rather 

than spatial creation and the manipulation of imagery.  

 

Design development tools: The design development phase synthesizes the building from 

conceptual sketches to a more defined, feasible design in the form of drawings and 3D-models 

(Mora et al., 2005). The architect further expands the detailed drawing illustrating other aspects 

of the proposed design with help of consulting engineers during this phase 

(architecturecourses.org, 2012). Computer is an essential tool during the design development 

process with the popular utilization of CAAD. CAAD is mainly utilized as a graphic medium for 

drawing, modeling, rendering and simulation (Zhu et al. 2007). In the study conducted by Gane 

and Haymaker (2008) focusing on the design processes for high rise buildings; the survey 

results suggested that over ninety percent of respondents indicated using traditional tools such 
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as AutoCAD, 3D Studio, and Photoshop for design option generation. Moreover, fifteen percent 

of the respondents indicated that the tools such as FormZ, Google SketchUp, and MS Access, 

among many other tools were commonly used to generate design options.  

 

According to Anderson et al. (2003) it is crucial to determine best methods to facilitate the 

potential application of the digital tools during the earliest stages of the conceptual design 

process. This has been an important topic that has received considerable attention over the 

years from researchers in both architecture and computer science. Considerable advances have 

been made in screen-based CAAD and architectural design programs, such as AutoCAD, 

Architectural Studio, UpFront1, SketchUp24, and other commercial products (Gane & 

Haymaker, 2008). 

 

2.7.2 Accommodating Varying Abilities through Design  

Investigations of typical professional practices have uncovered that architects often lack 

knowledge on or fail to anticipate user needs (Nicol & Pilling, 2000; Salama, 1995; Salama, 

2005). Gane and Haymaker (2008) studied the high-rise design processes. It was observed that 

currently,  

…the extent of the design is highly dependent on the designer’s interpretation of the 

design problem, the choice of design criteria (project goals and constraints), and the 

employed design process… (p.4-5) 

…architectural criteria such as aesthetics (100% of respondents), area efficiency (63%), 

and site views (56%) are predominantly used in current design decision-making 

processes… (p.30) 

 

This study suggests that factors such as providing for the needs of differing abilities have not 

typically been considered important for design decision-making (Novak, 2011). More 

importantly, even when such things are considered, they are not necessarily done so in a 

holistic way. According to a study conducted by Bernardi and Kowaltowski (2010) the typical 

presumption when designing spaces for the persons with vision loss 

the blind by removing any obstacle in the day-to-day use of such spaces. However, the persons 

with visual impairments need references for improving accessibility and these can be in the form 

of architectural elements. According to Bernardi and Kowaltowski (2010), contrast and light can 
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be important elements to consider during the design phase, as some individuals with vision loss 

may be able to use contrast to orient themselves within a built environment. Thus it is essential 

to propose a design process to ensure participation of users with different disabilities.  

 

It is important that a design must communicate necessary information effectively to the user, 

regardless of ambient conditions or the user's sensory abilities. This is also true for older 

occupants with visual impairment. As noted by Hadjiyanni, (2008), not all architectural design 

projects effectively address issues related to vision impairment problems in the aging 

population. According to an article in the Architecture Record, some of the impediments to adapt 

for the needs of the visual disabilities include the following (Novak, 2011):  

- Preconceived attitudes about aging,  

- Denial of the need to plan for aging, and  

- Economics and regulations that address an aging population. 

 

Consequently, the architectural design procedures must evolve. According to the architectural 

firm Dekker/Perich/Sabatini (along with establishing programmatic requirements), there is a 

need to set clear goals to guide interior and exterior design suitable for the older persons with 

visual impairments (Walleisa, 2009)—and an architect’s responsibility is to design for their visual 

effectiveness. Along with establishing programmatic requirements, there is a need for new 

representation approaches to better design supportive environments for the older persons with 

visual impairments. One of the better examples of architectural work for people with visual 

impairments includes “The Early Childhood Facility for the blind and visually impaired” designed 

by the architectural firm Dekker/ Perich/Sabatini (Walleisa, 2009). The architects focused on the 

multisensory cues to support wayfinding and encourage students to touch and explore. 

According to Walleisa (2009), to design built environments for persons with low vision 

conditions, it is necessary to first understand how people make sense of spatial situations.  

 

In a similar way, an experiment conducted by Bernardi and Kowaltowski (2010) on the tactile 

maps for architectural design process have found that deeper understanding is difficult when the 

designers cannot comprehend the difficulties of restricted abilities themselves. Moreover, in this 

study alternative ways were used to present design solutions to clients/users with specific 

needs, the study incorporated the use of walkthrough models and expressed their spatial 
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orientation and the cognition of the design. These studies and others suggest that when 

designing for people with special needs such as the persons with visual impairments an 

architect must not blindly follow the mandates required for the physical attributes of accessibility 

required by standards such as the ADA (Noell-Waggoner et al., 2006). According to Novak 

(2011), designing spaces for the disabled is considered expensive and most of the spaces are 

designed for providing the needs of the persons with visual impairments as an afterthought. In 

response to this, Novak (2011) suggests that a better solution would be that design 

professionals think about accessibility from the very beginning of a project and specify products 

that meet universal design goals.  

 

The goal of this study is to introduce tools that will assist the professional design procedures in 

taking visual impairments into consideration. The proceeding sections briefly elaborate on the 

current position on the processes and issues related to the implementation of the design 

process for the persons with visual impairments.  

 

The Americans with Disabilities Act (ADA) is a civil rights law that forbids discrimination on the 

basis of a disability in much the same way earlier civil rights legislation made it illegal to 

discriminate on the basis of race or sex (ADA, 2010; ADA, 2002; Novak, 2011; Smith, 2004). 

However, the ADA standards have been created based on the data derived from limited 

research conducted primarily with young adult males using more traditional mobility devices 

(Smith. 2004). Moreover, ADA guidelines are enforced typically only after a complaint has been 

made (ADA, 2010; Novak, 2011). Rousek and Hallbeckon (2011) suggests wayfinding issues 

and accidents among persons with visual impairments were due to design issues such as poor 

lighting, signage congestion, shiny tiles, and changing floor patterns. These design 

requirements are not covered in the ADA regulations. 

 

Moreover, studies argue that both client and government care less about the design process 

and more for the aesthetics of design submissions (Harber et al., 1991; Noell-Waggoner et al., 

2006; Shen, 2011). Harber et al. (1991) state, 

Because many designers and builders were unfamiliar with the rationale for these 

minimum specifications, they tended to create spaces and use elements, which 

met code but weren't well integrated into the fabric of the building or site. This 
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lack of understanding was particularly apparent in renovated buildings where 

access features were often not included at all and in new buildings where they 

were included after the fact, giving them an "added on" appearance… 

…Understandably "design for access" was often perceived as expensive and 

unattractive. (p.4) 

 

The AIA Design for Aging Knowledge Community (DFA) encourages research on 

characteristics, planning, and costs associated with innovative design for aging. Furthermore, it 

actively supports initiatives that promote change to regulations that challenge the design of 

environments for older persons.  

 

The Post Occupancy Evaluation (POE) tool kit has been developed to evaluate the functioning 

of facilities designed for the aged during post occupancy. The tool is made of a set of data 

collection methods and areas of study. Furthermore, the tool has survey questions aimed at the 

users of the facility including the staff as well the aged users of the facility. Though the tool is 

largely based on the issues related to functionality, wayfinding and lighting, the tool doesn’t 

specifically address the needs of the aged users suffering from visual impairments. According to 

previous studies, the incidence of the degenerative visual impairments is particularly high 

among the aged. Institutes such as the AIA must formalize the design needs of persons with 

visual impairments among the aged. Furthermore, introduction of information on space use 

patterns for the persons with visual impairments would help architects design better spaces.  

 

2.8 Need for a Representation Tool for Restricted FOV to Support the Architectural 

Design Process 

The extent to which a person who is blind or vision impaired has an understanding of place with 

spatial reference is unclear. To complicate this matter, people with normal vision cannot 

comprehend a space in the same way as an impaired person would perceive it. For example, 

people with visual impairments stress the importance of consistency in design because 

accessible information added to the environment is most useful and reliable (Peck & Bentzen, 

1987). According to ADAAG, contrasting colors such as yellow paint against black asphalt can 

indicate a change in environment for people with low vision. People with low vision may also 

detect texture differences. For example, although sidewalk grooves do not provide a significant 
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tactile contrast, some people with low vision can detect groove patterns. The color contrast of 

visual warnings helps both sighted and partially sighted pedestrians to identify potentially 

hazardous areas. Colorized warnings are particularly useful for all pedestrians at night, when 

visual acuity and contrast sensitivity are impaired. However, architects having normal vision 

would never understand the reason for such design restrictions.  

 

To design spaces based on differing abilities, it is crucial for an architect to understand how 

people with reduced abilities would use such spaces (Novak, 2011). Place creators including 

architects and planners with normal vision can never fully comprehend the complexities of life 

with low vision that would be needed to make sense of some of the issues involved. 

Furthermore, it would be difficult to account for all possible designs of indoor environments. The 

current architectural design procedures lack early stage representation tools that can help 

architects represent spaces as seen by persons with vision impairments. Thus, it is necessary 

that an architect must first understand how people with impaired vision make sense of spatial 

situations. In a study conducted by Bernardi and Kowaltowski (2010), undergraduate 

architecture students were made to develop non-visual design communicating tools. However, it 

was noticed that a deeper understanding of such designs is difficult to comprehend when 

students have not felt the difficulties of restricted abilities themselves. It is very hard to 

understand verbal descriptions of visual phenomenon in general. It is even harder if one has not 

experienced similar visual phenomenon.  

 

The Designing Visually Accessible Spaces (DEVA) team at the University of Utah suggests that 

the ability to perceive our spatial surroundings is critical to tasks ranging from grasping nearby 

objects to complex navigation through an unfamiliar environment. The team also suggests that it 

is essential to provide tools to enable the design of safe environments for the mobility of 

individuals with low vision and to enhance safety for others, including the elderly. Additionally, it 

has been highlighted that one of the main problems in designing for visual accessibility arises 

from the difficulty of predicting the photometric appearance of real spaces. Outdoors, you use a 

GPS-based navigation device to solve wayfinding problems, but in a large office building, the 

GPS signal is not available, and no appropriate geographical database exists. It is very difficult 

to understand and appreciate visual deficiencies from simply a description or static image. It is 

much easier to see how vision is affected through a visual simulation of the situation (Addison & 
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Thiebaux, 1998). According to Banks and McCrindle (2008), using a simulator to enable building 

designs to be viewed through the eyes of the persons with visual impairments will greatly 

enhance the potential for better accessibility within public buildings. The system could also be 

used to train designers and architects linked to the good design principles that are already 

available.  

 

Although a person with normal vision can never fully comprehend the complexities of life with 

low vision, wearing a vision loss simulator glasses can provide a sense of some of the issues 

involved. The benefit of such an experiment is that the real time measurements can be 

documented. However, a shortcoming of such studies is that the vision simulator goggles may 

not be able to replicate actual visual impairments appropriately. Furthermore, it would be difficult 

to account for all possible designs of indoor environments. Real-time testing for all the iterations 

would be time consuming and its implementation may not be feasible. Other widely adopted 

options include projecting or displaying filtered images of the real spaces on wide display 

screens or on computer screen respectively. Recent studies conducted on simulating low vision 

representations have been listed below. 

 

VisionSimulation.com is an example of a web-based public domain tool to be used to simulate 

various visual impairments. The site was created to help people with impaired vision 

communicate their conditions to their family members as well as to doctors. The drawback of 

this method is that the site provides limited possibilities to manipulate images of spaces to 

approximate the vision impairment and inform the medical condition. Not only this, such 

previously developed web domains have been designed to particularly target impaired people or 

serve the clinical needs to certain extent. Due to the limited capabilities of the domain, it would 

be difficult to adapt it to serve the broader design needs. Furthermore, because these domains 

only focus on providing a platform for the impaired people to show his or her disability, an 

architect with normal vision would find this tool incomprehensible to simulate the vision disability 

without any prior understanding. Consequently, the major consideration of this study was that 

architects with normal vision are not able to comprehend the severity of low vision conditions. 

Thus they essentially need tools that could simulate the severity of the low vision condition with 

minimal understanding.   
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However, incorporation of such an approach for representing low vision can have limited 

application for design research purposes. For everyday design applicability, architects may not 

have the time or the budget to incorporate focused mockup setups of the designed spaces. 

Furthermore, vision simulator glasses may be expensive and just an approximation of the vision 

condition. Most vision simulators cannot accurately produce the effect of the low vision 

condition. Due to the inaccuracies and the effort required for developing and applying the 

simulator during the design process it could impede the application of low vision for evaluating 

the design needs. Instead, there is a need to introduce an easy to use prototype that can be 

flexibly adopted within everyday CAAD-based tools.  

 

According to Bright and Cook (1996), architects generally only have guidelines to work with, 

rather than the ability to visually represent their designs as they will be perceived by people with 

visual impairments. The ability to combine the use of traditional CAAD files etc. with software 

designed to simulate eye diseases should make accessible design easier and the resultant 

buildings and public spaces more effective (Kellas, 2004; Manning, 2006). Previous examples 

on the use of prototypes to understand space accessibility from the perspective of a disabled 

person during the space design process are as follows.  

 

The owners of the Spaulding Rehabilitation Hospital in Charlestown, Massachusetts wanted to 

design a hospital that could supersede the physical attributes of accessibility, mandated through 

the ADA compliance. The Institute for Human Centered Design was invited by Partners 

HealthCare to be a key participant in design and programming decisions from the earliest 

stages of the project. The process included creating simulations of full-scale mockups of the 

regular design guidelines and specification options.  

 

These simulations included exercises in which every design team member was placed in a 

wheelchair and asked to navigate the cafeteria and care rooms. From this experience, 

designers learned valuable lessons on accessibility needs of potential occupants. These types 

of prototype processes are capable of capturing real-time data which inform and evolve the 

design of the facility throughout the design process. However, acquiring real-time data may not 

be possible for all design scenarios. Due to issues such as lack of flexibility and time 

constraints, architects require better prototype tools that can be amalgamated into the regular 
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design process. Peli (1999) proposed an augmented reality technique that increases the 

instantaneous field of view without loss of central resolution and without restricting scanning eye 

movements. Recent developments in head-mounted display (HMD) devices and in image 

processing technology are making the proposed devices a real possibility from both economic 

and technological perspectives.  

 

As much of the research related to simulations of the FOV for space representation was 

conducted more than 20 years ago, it resulted in a limited field of view because of the use of 

cathode ray tubes (CRT) and computer monitors used for generating displays. The evolution 

and refinement of large screens and immersive environments now allow investigators to 

generate high-resolution targets with specific color, motion, and spatial frequency attributes. Not 

only that but large screens eliminate the restricted FOV and limited testing distances imposed 

by smaller conventional CRTs. This has led to greater success among more recent studies, 

which illustrate various applications and issues of simulating spaces as viewed through persons 

with visual impairments. 

 

A study conducted by Ai et al. (2000) simulated eye diseases in virtual environments. The study 

suggests that use of Virtual Reality (VR) systems are ideal to simultaneously simulate the 

distortions of the many parameters of the visual system caused by disease. These studies 

suggest using the VR system for medical training and education purposes. There have been 

suggestions of creating virtual models of the apartment so that these visual problems can be 

simulated in a familiar context. For example, computer-generated image masks are used to 

model visual field loss caused by glaucoma. Also, the condition diplopia has been previously 

simulated using incorrect viewing directions within the virtual environment. However, these have 

restricted applicability due to the limited field of view of most devices. 

 

Pretto et al. (2009) studied the effect of varying degrees and types of occlusions of the FOV on 

navigation patterns within virtual worlds. The study found a few drawbacks with the use of virtual 

environments. The study suggested that when navigating in virtual worlds, vision often 

constitutes the only available sensory input. Furthermore, most of the displays used in virtual 

reality have a restricted field of view (FOV) that is contrary to the real world. For example, in the 

case with head-mounted displays (HMDs), the field of view lies mostly within the range 30–60 
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degrees. Additionally, the documented impairment data were derived under viewing conditions 

that were significantly different from those in real life when people are negotiating built 

environments thus significantly understating the true nature of the problem. According to 

Monaco et al. (2007), far peripheral visual field has not been explored via the new wide-screen 

technology. Most clinical procedures use measures of near periphery (within the central 30 

degrees) where a significant portion of ocular pathology is exhibited.  

 

In their study on using a walking simulator for evaluation of ophthalmic devices, Barabas et al. 

(2004) projected images onto a front-projection video screen of the size 67 x 50 in2 from an 

Epson PowerLite 9100i LCD projector mounted on a stand on the far side of the screen. The 

projector had a native resolution of 1366 x 1024 pixels. For this study, the resolution of the 

image was set at 1280 x 960 pixels to match the aspect ratio of their screen. In doing so, they 

were able to demonstrate that projected display screens reduce the physical constraints that 

head-mounted displays impose. This is because head-mounted displays have either a small 

field of view, which is too small for application, or have too heavy optical systems to expand this 

field. In addition, the optics in head-mounted displays is usually close to the subject’s eyes, 

which precludes the use of ophthalmic devices.  

 

In recent years, attempts have been made to simulate perceptual performance with computers, 

but very little progress has been made towards defining the problem, let alone solving it. A 

recent study undertaken by Shakespeare (2012) proposed a method to represent low acuity 

levels such as 20/20 for normal vision to 20/400 for persons with visual impairments conditions. 

The goal of this research was to simulate complex, real-world environments (such as a hotel 

lobby, large classroom, or hospital reception area). These renderings represented low acuity 

levels with the ability to predict visibility of key landmarks or obstacles under a variety of natural 

and artificial lighting conditions with sufficient accuracy.  

 

In this study, eye masks were built from clinical data of people suffering from loss of visual field 

such as glaucoma. High dynamic range (HDR) rendered images of three dimensional indoor 

spaces were then passed through a filter to create a mask to diminish the sharpness of the 

zone, thus producing Peli filtered low acuity images. Based on the interpretation of the literature, 

this study analyzed a potential prototype tool to represent loss of FOV to inform the early design 
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process. As an extension of the study conducted by Shakespeare (2012), this study focused on 

the parameters of the restricted FOV for space representation, and its application for decision-

making when designing spaces for older persons with vision loss. The study focused on 

mitigating the shortcomings of the current design process that is typically meant for people with 

normal vision. Consequently, the proposed study incorporates an alternate method for designing 

spaces for older persons with vision loss by using a low vision prototype tool.  

 

Legge et al. (2010) conducted a comprehensive study for determining the detection and 

recognition of steps (up or down) and ramps in a simple, indoor environment. Subjects with 

normal vision were made to judge the condition of space under simulated reduced acuity, which 

was created by using blurring masks. The goal of the project was to explore the interacting 

effects of lighting direction, target/background contrast, viewing distance, and blur. The 

psychophysical measurements were conducted in real space rather than simulating stimuli on a 

computer screen or in a virtual environment to capture the complexity of the real world. Subjects 

viewed the transition point from distances of 5, 10, or 20 ft. Each participant was made to use 

blurring goggles that reduced effective acuity to Snellen equivalents of about 20/135 (Single-

Blur) or 20/900 (Double-Blur). The subject’s task was to identify the target (5-alternative forced 

choice).  

 

It was observed that the boundary contrast was affected by lighting direction and the contrast 

between the targets and their backgrounds. Stimulus lighting was documented by high-dynamic 

range (HDR) images based on multiple photographs using the method derived by Debevec and 

Malik (1997). Photographs were taken with a Nikon D80 digital Camera, with an 18- to 135-mm 

zoom lens set to 18 mm, and tethered to a laptop computer and Nikon’s Camera Control Pro 2 

software. The result of the study indicated that a step up is usually more visible than a step 

down. This asymmetry in visibility is primarily due to the luminance contrast between the riser of 

a step up and its contiguous surface planes. This contrast can be enhanced by a directional 

light source placed beyond the step and diluted by a directional light source in front of the step. 

 

A major limitation of this system of study was that it does not take into account the rotation of 

the eye in its socket. Furthermore, the procedure consumes time and manual effort as each 

subject participated in one session lasting from 2 to 3 hours. Additionally, just because someone 
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has a certain diagnosis does not mean that he or she will see the same, have the same needs 

or the same abilities as someone else with the same diagnosis. Also, some people with low 

vision may have a combination of vision impairments, other disabilities, fluctuating vision or a 

progressive vision condition, which can greatly affect their ability to process visual information. 

However, most times the processes of how people assign meaning to their spatial environments 

as they navigate through them are neglected. Thus, these models fail to incorporate 

components of common-sense knowledge. Golledge, (1992) mentions the possibility of spatial 

knowledge not being well described by existing theories or models of learning and thereafter 

calls for more research on human understanding and use of space.  

 

2.8.1 Lessons Learned 

According to a study conducted by Graham Strong, of the Center for Inclusive Design and 

Environmental Access (2010), an important consideration with respect to how one sees the built 

environment is that most interactions involve dynamic seeing activities; the individual’s eyes, 

head, and body are invariably in motion. This becomes relevant when one considers that most 

descriptions of visual performance describe visual capabilities with the eyes virtually 

immobilized straight ahead in the primary gaze position. The habitual directionality of gaze for 

older people navigating within a built environment is primarily directed downward relative to the 

horizon (Hill & Kroemer, 1986). Furthermore, another complication is that many seeing activities 

are significantly affected by any hostile viewing conditions (such as glare, excessive brightness, 

and/or dim lighting conditions) that may exist in built environments. Mindful of these vision 

impairment factors that affect the functional seeing performance of people who are frail and 

elderly, the guidelines that would help designers to make better design decisions should be 

investigated. Furthermore, low vision accommodations for occupants who are aged and the 

need of persons with visual impairments should be incorporated into the design of built 

environments. Figure 2-4 shows the classic cost analysis chart. 
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Figure 2-4: Cost Influence Chart (MacLeamy, 2011; MacLeamy. 2011) 

 

Time is critical and the designing is an iterative process as it keeps evolving over time. The 

classic cost efficiency chart shows that some of the major cost factors can be cut down, if 

design changes are incorporated early on in the design process. The amount of effort required 

to make these changes in the initial design process is much lower than later on in the process. 

Additionally the amount of money invested during the initial stages of the design is lower than 

the later stages. Thus it can be concluded that an efficient approach would be come up with a 

strategy which would be least time consuming, more cost efficient, requiring lower effort and 

finally that can be applied during the early stages of the design. Consequently, the biggest 

impact of design is observed early on in the design process, when the architects can create 

alternate design iterations at minimal cost, and with little effort.  

 

Therefore, prototype systems such as that used by Legge et al. (2010) may be useful to achieve 

this goal; however, the architect’s task is to make decisions for a range of vision conditions, 

which may include a combination of impairments. Furthermore, an architect has to design for a 

varied range of spatial environments. To help architects in the decision-making process during 

the design phase, the prototype must satisfy the following requirements.  
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- Despite the numerous impaired vision conditions, understanding the overall effect of the 

visual field on spatial representation is essential. 

- The prototype should be easily incorporated within any of the phases of the design 

process.  

- A primary concern in many new development projects is time and budget. Building 

mockups may mean increasing the budget and more time to complete the design. Thus 

incorporation of the prototype using readily available computer-based design tools would 

be a desirable solution. 

- Flexibility to adopt different design conditions and spatial requirements. 

- The tool should be easy to manage and operate with little learning curve. 

- The output result should be readable and in a presentable format. 

- The output data should be easily extracted from the results to conduct further 

calculations and comparisons between different options.   

 

The true nature of the visual impairments and the effect of eye rotation and head movement are 

important inputs. However, even the approximate simulations for degrees of occluded central or 

peripheral vision would provide significant decision support related to the lighting, material color, 

scale and proportions of the space when designing for persons with vision loss. According to 

Bozeman (1998), people in technical areas, such as engineering and medical fields, have used 

simulation for a long time to teach and train, resulting in extensive research on the effectiveness 

of simulation. They have found three, crucial components to simulator design and use:  

 

1) One must know the purpose of the simulator—what do you want to achieve with it? For 

example, is it clinical, or to teach or for spatial design purpose? Or is it required to test a 

functional outcome such as the effect of the low vision condition to detect traffic, reading 

street signs, recognizing faces, etc.?    

2) What fidelity is needed for the simulator to accurately represent its real life counterpart?  

3) How does one assess the simulator? 

 

According to Bozeman (1998), fidelity helps define the design of the simulator. For the purpose 

of this study, fidelity has been operationalized as the degree of accuracy with which the 

simulation of the low vision has been reproduced for achieving the functional characteristics 
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exhibited by people who have low vision. For example, the simulation created for clinical 

purposes may not provide the required understanding for normally sighted people. Thus, fidelity 

depends on purpose of the simulator, to provide the required accuracy to enhance the 

usefulness of the study. Thus, for this study, an interpretative literature research strategy 

provided useful fidelity guidelines to develop the low vision prototype that can be easily adopted 

within the architectural design process. To achieve this goal, the performance of the prototype 

was assessed using qualitative immersive case study and expert validation research strategies.  

  

2.9 Summary 

Older persons with visual impairments often experience difficulty in navigating corridors and 

hallways. Although the persons with vision impairments often cannot see details in the built 

environment, they may have some discernment of contrast or light and it is the architect’s 

responsibility is to design for their visual effectiveness. Currently, many designers and builders 

tend to create spaces and use elements, which meet a specific code but are not well integrated 

into the fabric of the building or site. Designers need deeper knowledge of the patterns of the 

persons with vision impairments in order to redefine the concept of design, which up to now has 

only been touched on in architectural programs. Along with establishing programmatic 

requirements, there is a need for new representation approaches to better design environments 

for persons with visual impairments. The current architectural design procedures lack early 

stage representation tools that can help architects see spaces as seen through the eyes of 

persons with visual impairments. The previous examples of low vision simulators are limited to 

the effect of blurring vision for design needs.  

 

Thus, there is a need to develop a prototype tool that can be easily adopted without limiting the 

design process itself. Furthermore, it would be important to develop a tool that has few or no 

interoperability issues and can be easily represent low vision conditions with limited 

understanding.  
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Chapter 3: Research Methodology 
 

The main purpose of this chapter is to set forth the rationales and foundations for the 

development of a prototype representing specific low vision condition. At its foundation, 

architecture is concerned with the design of environments for people. When designing for the 

visual environment, arguably most architects can design well for persons with normal vision 

since they themselves typically have normal vision, but are much less responsive to persons 

with low vision conditions. This is because the architect lacks firsthand experience of the visual 

environment as seen by persons with low vision, and therefore is less able to apply a person-

centered empathetic model to the design process. While there are prescriptive approaches, 

such as codes and standards that seek to address persons with low vision, these are typically 

applied as a checklist and do not inherently consider the quality of the space.  

 

According to Lawson (1979 and 1980), architects synthesize desired results and deal with 

finding fairly quickly using a solution-focused strategy. This method is distinctly different from the 

scientists’ problem solving approach, which is focused on finding an optimum solution using 

prolonged analysis of a given problem (Eastman, 1970; Marples, 1960; Simon, 1969). Architects 

use powers of conjecture and original thought in addition to knowledge to arrive at unique 

solutions. Thus, they use non-verbal modes such as models and representations based on 

graphic images (i.e. drawings, diagram and sketches) to explore solutions as well as to help 

communicate ideas and instructions to others.  

 

Modeling is the language of design. Representation is a non-verbal mode of language in design. 

Models and representations of half-formed ideas to reflect upon, develop, revise, reject or return 

to are important to the design process. Models can do things that are arduous and difficult for 

human beings to do (Bunn, 1984). The problem with current modeling and representation 

approached is that the mental images of the proposed space are from the perspective of one 

with normal vision. However, when designing spaces for older persons with vision loss, 

architects cannot depend on the spatial representations to make these decisions. As a result, 

this study was an attempt at resolving this challenge, by proposing a prototype design 

assistance tool that can help design professionals to re-represent spaces as seen by older 

persons with vision loss. This tool would provide architects with an added opportunity to use 
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proscriptive judgment to reject or approve early design ideas. Figure 3-1 demonstrates the 

concept of using representation methods to portray architectural design ideas.  

 

 
Figure 3-1: Relation between representation methods and architectural design ideas 

 

More so, the study focused on determining its value for application during the early design stage 

to analyze the consequence of proposed design strategies for older persons suffering from a 

low vision condition. This chapter focuses on mapping the process for developing the prototype 

and explains the characteristics, challenges, approaches, and methods employed in this 

research. Additionally, it also describes the collaborative immersive design case study approach 

that was utilized in this research to beta test and demonstrate the prototype application for early 

design stages. Finally, the chapter will map the process of establishing opinion on the usability 

of the tool for professional purposes. Qualitative triangulation was used to confirm findings using 

the researcher’s interpretation, collaborative immersive design case study and post use open-

ended interviews conducted during the expert validation research method. According to Groat 

and Wang (2013), combining methods provides appropriate checks against the weak points in 

each, while simultaneously enabling the benefits to complement each other. This combining 

strengths and neutralizing weakness helped strengthen the study.    

 

3.1 Objective of the Research  

 To reference the literature to determine the conditions for the common vision 

impairments among older persons. 

 To adopt age-related vision impairment into a prototype tool that can re-represent 

spaces during the early stages of the design process. 
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 To demonstrate the usefulness of the prototype tool to improve early design decision-

making when designing spaces for older persons with vision loss. 

 

3.2 Research Methods Overview 

In this research, the position of the researcher is as follows:  

1.) The interaction of a person with architectural space cannot be fully known as with a person 

with vision impairment.  

2.) The process of designing a building cannot be fully known and is adaptable to the individual 

architect. Therefore, the use of the new tool should not be prescriptive but adaptable to support 

individual design procedures and decision-making tactics.  

 

The problem is established as a decision-support prototype by which the decision-maker, in this 

case an architect, is better informed concerning whether the designed space is applicable for 

older persons with a certain loss of central or peripheral vision. Referring to Groat and Wang 

(2013), this research employs three research strategies: logical argumentation, prototype and 

qualitative research. The three strategies are combined using the three-phase design method. 

Three strategies are conducted in a sequence of distinct phases. Figure 3-2 shows the various 

research phases and steps outlined for this study.  

 

 
Figure 3-2: Research Methods 
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The dissertation was planned as an evolutionary process in such a way that the prototype 

evolved over the course of the study. The rationales that were established in the beginning of 

the study were re-evaluated in each phase. Some of these rationales were confirmed while 

others were questionable and new rationales emerged. This study is considered as the first 

cycle of the evolutionary process of developing a full-fledged decision design support system. 

The preliminary prototype evaluated during this study can be used as a baseline to develop the 

next iteration of prototype tool in future. Figure 3-3 shows the flow chart of the decision-making 

involved in the research phases for this study. Figure 3-4 shows the sequence diagram for the 

research method used in this study.  
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Figure 3-3: Research Methods (Flow chart of the decision-making) 
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Figure 3-3 Continued: Research Methods (Flow chart of the decision-making) 
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Figure 3-4: Research Methods (Sequence diagram of the decision-making) 

 

The research process and associated theoretical relationships are shown in Figure 3-5.  
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Figure 3-5: Detailed research summary using supporting theories 

 

Based on research strategies suggested by Groat and Wang (2013), the purposive qualitative 

research strategy tends to be most suitable for this combined three-phase research method. 

This is because qualitative research involves gaining an understanding of how people in real-

world situations make sense of their environment and themselves and it depends on rather than 

rejects the researcher’s interpretation of the collected data (Miles & Huberman, 1994). 

Qualitative research is open-ended in design and procedures, which allows for adjustment to be 

made as the research proceeds. This flexibility allows the qualitative research approach to 

accommodate the changes of logical systems effectively. Finally, the study used procedural 

knowledge as it involves improving the decision-making capabilities of architects / designers 

who follow theoretical norms and are also skilled enough to design spaces for older persons 

with vision loss. 
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3.3 Phase 1: Logical Argumentation  

Phase 1 is called logical argumentation. Through interpretation of the literature an argument 

was made for consideration of the most common vision impairments, particularly among older 

persons. Furthermore, interpretation of the literature contributes to understanding the nature of 

the vision impairments and how architects make design decisions for persons with low vision. 

This understanding gained from this phase is used for the selection of the vision degradation 

functions and the strategies for modeling these functions. Figure 3-6 demonstrates the 

processes involved in the logical argumentation.  

 
Figure 3-6: Logical argumentation 

 

Through the prototyping of a new decision support tool the procedures for designing 

architectural space were reproached. The intention was to improve the design process to be 

more person-centered in nature. Grounded theory is a systematic inductive theory generation 

methodology as described by Glaser and Strauss (1967) was used to understand existing 

theories during the logical argumentation process. In this study the decision-support prototype 

and new design process, were used to challenge existing normative proscriptive theory related 

to decision-making when designing spaces for older persons with vision loss. Logical 

augmentation was also used to understand existing normative proscriptive and prescriptive 

theory concerning the design of spaces for older persons with vision loss.  

 

Norms are the rules and expectations that govern a given situation. Every norm can be placed 

in one of two categories - proscriptive or prescriptive. Proscriptive norms provide guidance on 

unacceptable behavior, in this case uniformed decision-making. At its highest level of design 
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process, the AIA sets proscriptive norms through both project documentation and professional 

registration. Schools of architecture also contribute to proscriptive norms for design through their 

pedagogical structure. Currently, none of the normative proscriptive approaches directly support 

decision-making for designing spaces for older persons with vision loss. Prescriptive 

approaches tend to be applied as a checklist of conditions usually after many of the key design 

decisions have been made. For example, one of the prescriptive wheelchair housing design 

requirements include the positioning of the doorway (away from a corner) and positioning and 

provision of controls to provide increased accessibility. Such codes do not focus on the benefits 

or repercussions of a selected option, but instead prioritizes on providing baselines as the prime 

means of design regulation (Maratz & Ben-Joseph, 2011; Thorpe et al., 2006).  

 

Codes mostly represent a prescriptive rather than proscriptive approach to design development. 

Rather than proscribe what to do, design codes prescribe what is allowable or not, often through 

detailed illustration, thus promoting an overall vision of a desired condition. Carmona (2011) 

argues that design codes are particularly helpful for large sites in multiple ownership or those 

which are likely to be built out by different developers with different design teams over a long 

period of time. However, in this case, when designing spaces for older persons with vision loss, 

in addition to design codes, the designer should use some knowledge of the heterogeneous 

nature of vision impairment conditions and that each building occupant perceives the same 

space differently.  

 

Some natural phenomena cannot be fully explained by a single theory or fully investigated using 

a single approach. As a consequence, multiple approaches are required to explain and 

investigate such phenomena. This research is pluralistic and thus is informed by architectural, 

technical, cognitive-psychological, social, and normative knowledge from different disciplines 

(Bauer, 1990; Stump, 1992; Wylie, 1995; Giere, 1999). The study used logical argumentation in 

a qualitative postpositivist approach. Postpositivism assumes that objectivity is important and 

may be imperfectly realized, which is the case for this study. Vision impairment is a 

heterogeneous condition; it would be next to impossible to provide an exact algorithm for every 

low vision condition. Thus for this study, the researcher used qualitative postpositivism theory to 

manipulate an architectural space representation using the prototype tool to better ‘see’ what 

can or cannot be seen due to a certain vision loss condition and over a range of vision loss. 
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According to Groat and Wang (2013), logical argumentation tends to take a set of previously 

disparate factors or previously unknown and/or unappreciated factors and interconnect them 

into unified frameworks that have significant and sometimes novel explanatory power. In 

general, Groat and Wang (2013) divided logical argumentation research into three categories 

based on three underlining logical systems: formal-mathematic, mathematical-cultural, and 

cultural-discursive. Between these three logical systems, mathematic/cultural (models/analytical 

tools) was the logical argumentation research strategy used as a research method for this study. 

According to Groat and Wang (2013), this logical framework uses numerical factors or rule-

based constructs to analyze spaces and forms. However, they do so with the view that the 

resulting output can shed light upon social/cultural values; for example, the resulting alternative 

solution image(s) generated using the mathematical model would be used to unveil the possible 

patterns of visual experience demonstrated by users (older persons with vision loss).  

 

3.4 Phase 2: Prototyping Process 

Phase 2 applied the understanding and arguments made in Phase 1 to develop a prototype re-

representation design assistance tool that can be used to inform decision-making when 

designing spaces for older persons with vision loss. Figure 3-7 broadly demonstrates the 

prototyping process adopted in this study and is mainly based on the works of Pressman 

(2010).  

 
Figure 3-7: Prototyping process (member checking, prototype development) 

 

Simon (1969) noted that decision-making and design are so intertwined that the entire decision-
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making process might be viewed as design particularly during the conceptual design phase 

(Rehman & Yan, 2007). Decisions can be made by rational analysis of design variables or could 

be assumptions based upon experience and/or circumstances in order for the design to work. 

According to Simon (1977) and Turban et al. (2007), the decision-making processes fall within a 

range from highly structured to highly unstructured decisions. Structured processes are routine 

and repetitive problems for which standard methods are available such as a mortgage loan 

application. Unstructured processes are fuzzy and complex problems for which there are no 

definite solution methods as is typical in architecture. Turban et al. (2007) described that many 

unstructured and even semi-structured problems are so complex that their solutions require 

expertise. The required expertise can be provided by an expert system or another intelligence 

system such as a decision support prototype.  

 

The proposed prototype serves as an informal expert system where the designer is able to 

make decisions for the proposed space from the perspective of the users, in this case older 

persons with vision loss. The researcher is making visible that which otherwise might not be 

seen or consciously noticed by a normally sighted architect. The new tool supports a more 

person-centered process where the architect can re-imagine the space from the perspective of 

those (older persons with vision loss) that will inhabit the space (Kappas & Olk, 2008). The 

basic conception of the new process is that functional wellbeing of the older persons with vision 

loss can be achieved by the following: 

 

 Architectural design is a vision-dominant process of imagining and representing the 

planned space. Since most architects have good vision, this imagining and 

representation process is biased toward the normally sighted. 

 Through an integrative logical argumentation process and prototyping, a new decision 

support (DS) tool can be developed to alter how spaces are designed for the visually 

impaired.  

 The new process would add on the existing normative proscriptive theories of design as 

well as support the decision-making process.  

 

The prototyping process is usually used to help developers and other project stakeholders better 

understand the system that is to be built when requirements are unclear. The vagueness of 
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requirements may include the uncertainty of the efficiency of an algorithm, the adaptability of an 

operating system, or the form of interaction between user and system. Thus, the first developed 

prototype can be considered a throwaway version, which may or may not evolve into the actual 

system. The prototyping process can be seen as a mechanism for assessing the needs of and 

obtaining feedback from professional design and vision science practitioners. In general, the 

prototyping process highly encourages user participation, especially during the communication 

and deployment phases of the process.  

 

Furthermore, prototyping can be conducted at low cost when compared to other approaches. 

The prototyping approach represents a development cycle that repeats itself until the developing 

systems sufficiently satisfy user needs. The prototyping approach normally starts with ill-defined 

system requirements and ends the process with a more comprehensive version of the product, 

in this case decision support software. This study is the first step towards developing the final 

full-fledged decision support tool. Thus, for this study, the evaluation of the prototype was made 

based on the “effectiveness” of the decisions produced rather than the computational 

“efficiency” of obtaining the decision (Turban et al., 2007). Therefore, it can be assumed that the 

prototype Decision Support System (DSS) developed as a part of this study can be used as a 

tool to understand the usefulness of the fully released version of the DSS that will be developed 

in the future.  

 

According to Pressman (2010), compromises in prototype development may include using an 

inappropriate operating system or programming language simply because it is available and 

familiar and implementing an inefficient algorithm simply to demonstrate software capability. 

Prototype software often has to be rebuilt to be able to maintain high-levels of quality. Turban et 

al. (2007) suggested several critical success factors for prototyping that would be followed 

during this study. This includes that users and managers should be involved in every phase and 

iteration, and learning should be explicitly integrated into the design process. Thus in this study, 

the prototyping process included a member checking process, involving selected experts with 

experience in the design field to provide opinion on the usability of the prototype tool.  

 

3.4.1 Prototyping Steps 

The first step to prototype was called “quick design.” In this step, an iteration of prototyping was 
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quickly planned, and then modeled in the form of a quick design. A quick design mainly 

emphasizes creating a representation of certain aspects of the software that will be visible to 

end users such as human interface layout and output display formats. The researcher 

maintained a journal to document the decision factors during the prototyping process. Fellow 

Ph.D. students from the Design Research program evaluated the first iteration of the prototype 

graphic interface (GUI) layout as a part of the member checking research method. The 

participating Ph.D. students had 5-15 years of design experience and were currently involved in 

developing decision process maps to improve designer’s decision-making capabilities were 

selected. The evaluation interview round was conducted face-to-face with eight subjects and the 

nature of the questions was open-ended. The open-ended questions were based on applying 

software prototyping methods to address:  

1) What are the decisions intended to be supported by the tool?  

2) What is an appropriate Graphical User Interface (GUI)?  

3) How should the output be presented to best support decision-making?  

4) How accurate must the representation be to be useful in supporting decision-making?  

 

The transcription of the evaluations was organized based on capabilities of the prototype to 

improve design decision-making capabilities and suggestions on refinements. Afterward, the 

prototype evolved into the next prototyping cycle to be fine-tuned to satisfy the new design ideas 

and needs outlined during the interviews. After the second iteration of the prototype was 

designed, it was deployed and evaluated by the same group of fellow Ph.D. students and two 

other vision science experts. The vision experts provided feedback on the appropriateness of 

the selected vision loss representations. The algorithms were altered based on their suggestion 

and the altered representations were sent to the vision science experts for further feedback. 

Additionally, the user feedback and suggestions on the usability of the new model of the 

prototype marked the end of the member checking process. The researcher used the new 

information to revise the GUI.  

 

After the prototyping process the researcher moved over to the prototype construction, focusing 

on implementation. The development of the final working prototype marked the end of the 

prototyping process. Prototyping process helped assist the researcher to better understand the 

software that was to be built when requirements were not specified. However, it is important to 
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note that the proposed tool, at least the first generation of the tool, will be limited. The most 

important limits include.  

 

 The representation of architectural spaces is for general low vision conditions and does 

not represent the space as seen by any one individual.  

 The mathematical filtering algorithms are approximations of the vision degradation 

functions as described in the literature.  

 Since perception can be multi-sensory, the study is not one of perception but of design 

process.  

 Detailed analysis of the accuracy in representing architectural spaces would require time 

and resources beyond the scope of this study.  

 Demonstration in the improvements in the quality of spaces produced by the new 

process would require comparative as-built examples that are beyond the time and 

resources for the present work. The goal is to gain opinions from stakeholders that the 

new tool and process can positively impact how spaces are designed.  

 

3.5 Phase 3: Qualitative Research 

Qualitative research study provided three data sets associated with the same research question: 

namely does the prototype tool improve your design thinking and decision-making to support a 

more person-centered design approach for occupants with low vision?  

According to Norman (1988), evolution of a system ideally involves an iterative process of 

prototypes, involving actual users, designers and other experts until a satisfactory result has 

been achieved (Hale & Stanney, eds., 2002). A designer’s opinion on the usefulness of a 

particular prototype would be more helpful to understand low vision problems and are probably 

more valid indications of the true value of the service.  

 

According to Manen (1990) phenomenological research focuses on evaluating people’s 

perceptions, experience and observations of a particular situation or phenomenon. 

Phenomenology is used to capture the researcher’s experience during the prototype 

development process. Phenomenology is also used to gather user feedback during the beta-

testing process. Phenomenology is one way in which architects can better understand how one 

perceives the built environment. Pallasmaa (1965) asserts, 
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As architects we do not primarily design buildings as physical objects, but the 

images and feelings of the people who live in them…  

The phenomenology of architecture is thus “looking at” architecture from within 

the consciousness of one experiencing it… (p.450) 

 

Figure 3-8 represents Person-Environment Fit theory as adopted from the works of Christiansen 

et al. (2005) and Iwarsson, (2005). One can infer from Person Environment Fit diagram that it is 

not the vision impairment condition that causes functional and psychological disabilities, but it is 

the way one interacts with the space. Thus, architects who are responsible for designing spaces 

for older persons with vision loss play a major role in the Person-Environment interaction.  

 
Figure 3-8: Typical Person-Environment Fit theory that can be used to correlate Environment and the 

User (Christiansen et al. 2005; Iwarsson, 2005) 
 

Figure 3-9 shows a model illustrating the consequence of interactions between older persons 

with vision loss, the environment and the design decision maker. This model is an adaptation of 

prior Person-Environment Fit theories and is particularly relevant for this study in terms of 

supporting design decision-making with this interaction in mind. Thus the influence of the 

phenomenological perspective of an architectural building as well as the Person-Environment Fit 

theory is a pluralistic foundation to the suggested research.  

 



69 

 

 
Figure 3-9: Proposed Person-Centered Design Decision (PCDD) Support Tool for improving functionality 

of the remaining vision and other senses 
 

In this research, the reasons for the researcher’s position are as follows:  

1.) The interaction of a person with architectural space cannot be fully known as with a 

person with vision impairment because: 

- Vision loss is heterogeneous  

- Based on the severity of the vision impairment the perception would vary person to 

person. It is impossible to comprehend or accurately perceive vision loss as the 

cognition also involves the neurological system  

- Trying to document or validate the exact vision condition would be falsified and a futile 

effort 

2.) The process of designing a building cannot be fully known and is adaptable to the 

individual architect because: 

- A significant experience of architecture is multisensory. The architect designs spaces 

considering the participation of or triggers for all the human senses.  

- According to epistemological studies, it is difficult to generalize or validate the 

performance of space design as being good, better or improved based on responses by 

few persons with vision impairments participants. Furthermore, it is less reliable, 

cumbersome, time consuming, and a costly process to implement.  
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- One can only validate what is known. Theoretically, one does not know if a space is 

designed well. He or she only believes that it is true based on a reliable process (i.e. 

his/her vision).  

- Architecture is a product of imagination, memory and impression processed by the 

architect during the design process. 

- Thus this study aims at providing a decision support that can help the architect make his 

or her own estimated judgments based on reimagining the space for person with visual 

impairments. Therefore, the use of the new tool should not be prescriptive but adaptable 

to support individual design procedures and decision-making tactics. 

- The usefulness of the design support can be determined by implementing the prototype 

for real design projects within preselected architectural firms. However, it demands a 

longer time commitment. Not many firms may be willing to commit for such a lengthy 

study. 

 

In phase 3, the qualitative research strategy was used to beta test and determine the usefulness 

of the prototype tool for supporting early architectural design decision-making. In order to 

demonstrate this usefulness, this research implemented a naturalistic system of inquiry 

including the collaborative immersive design case study, expert validation and qualitative 

triangulation. Considering that this study involved developing an initial prototype that would help 

represent the design of space for older persons with visual loss, industry experts reviewed the 

capabilities of the prototype through demonstrations of the tool. Furthermore, the inputs 

received during the open-ended interview would be useful to improve the tool in future to enable 

industry use.  

 

Zachary (2001) outlines three criteria for assessing the validity of a model in engineering 

decision-making: (1) predictive validation, (2) construct validation and, (3) face validation. 

Predictive validation is the most powerful and entails the comparison of the model to actual 

performance data. Construct validation is the next best and involves demonstrating that the 

underlying constructs in the model are valid. Finally, face validation is the least powerful method 

requiring reviews by experts to assess the apparent validity. Because of this cost versus power 

trade-off, it is planned to approach validation of the analytical evaluation method in the order of 

face, construct and then predictive validation. This study used construct validation to determine 
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usability of the prototype. Involving expert-prototype interactions via design case studies and 

getting feedbacks on the demonstrations of the prototype determined the degree to which the 

designed prototype assesses the underlying theoretical construct.  

 

Cross (2006) claims that insights on design thinking from an expert designer are credible. 

Experts are proficient at attribute-valuation and provide subjective evaluations of variables that 

are difficult to measure objectively. The research relied on experts to provide information in such 

a way that the assessment of individual responses was regarding crucial uncertainties about 

usability of the prototype. However, expert judgments are not as well behaved as data collected 

in a laboratory. Judgments from multiple experts were cumulatively evaluated, to take into 

account issues of relative expertize and redundancy among the experts. The evaluative 

judgments of key informants were restricted to areas of expertise or firsthand experience such 

as the architects, lighting designers and vision science experts involved in designing and 

working in facilities meant for older persons with vision loss.  

 

3.5.1 Collaborative Immersive Design Case Study 

Figure 3-10 demonstrates the collaborative immersive design case study process that was used 

in this study.  

 
Figure 3-10: Collaborative immersive design case study 
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For this, four purposefully selected ‘experts’ from architecture, lighting design as well as 

optometry were immersed into an architectural design problem of a purposefully selected design 

project. The researcher generated photometric 2D representations of spaces as seen by older 

persons with vision loss. The prototype tool was used to demonstrate the proscriptive design 

issues existing in the facility for occupants having certain vision loss conditions. Semi-

structured, open-ended interviews were conducted with the participants. During the interviews, 

the participants beta-tested the prototype tool and used the 2D representations of the facility to 

evaluate the application of the tool for decision-making when designing spaces for older persons 

with vision loss. These experts were interviewed using semi-structured and open-ended 

questions to determine their impressions of the tool in supporting and improving design 

decision-making. The researcher captured the user feedback and reactions on usability of the 

prototype for making early decisions when designing spaces for older persons with vision loss.  

 

In addition to the expert interviews, as a part of the qualitative study, the question of usefulness 

of the prototype were addressed through an interpretivist approach as suggested in the work of 

Groat and Wang (2013). Interpretivism is a qualitative approach that considers the value of the 

permanence and priority of the real world of subjective, first-person experience. The researcher 

maintained a journal to document reflective thoughts as they relate to the objectives of the 

research.  

 

3.5.2 Researcher Interpretation 

The researcher was actively involved in developing the prototype, documenting findings, ideas, 

and limitations during the prototyping process. The researcher referred to the existing literature 

to formulate arguments for demonstrating the capabilities of the prototype tool. Finally, the 

researcher was involved in developing photometric 2D representations of the case study and 

coordinated the tasks with the experts participating during the collaborative immersive design 

case study. Thus, the researcher's interpretation was another crucial aspect informing the 

usability of the proposed design assistance prototype tool. Figure 3-11 demonstrates the 

processes involved in the researcher interpretation that was in this study.  
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Figure 3-11: Researcher interpretation 

 
3.5.3 Expert Validation 

It is important to note that as a part of this dissertation, prototype development was not aimed to 

serve users or decision makers in a particular organization. But rather to serve diverse 

practitioners who tend to work in different organizations including, but not limited to, 

architectural, engineering consultant, and lighting design firms. Consequently, preparing a 

comprehensive feasibility study for industrial-wide users can become a challenging task and can 

be a body of research in its own right. This study uses the qualitative naturalistic system, which 

according to Groat and Wang (2013) provides credibility to find usability of the prototype among 

an expert user group. The truth-value of the prototype can be demonstrated using expert 

validation. Figure 3-12 demonstrates the processes involved in the expert validation step. 

 
Figure 3-12: Expert validation 

 
The expert validation research method was conducted to gain consensus from eight 

knowledgeable members of the building design and vision science profession, in this case 

stakeholders for the design of environments for older persons with vision loss. The expert 

validation research method was similar to but less interactive than Delphi techniques; through 

expert validation, the procedures used during the collaborative immersive case studies were 



74 

 

captured and summarized to a purposeful sample of experts. Furthermore, the impressions of 

each expert concerning the usefulness of the tool in supporting design decision-making were 

collected through semi-structured, open-ended interviews.  

 

The Delphi research method with an expert panel is generally used to determine the usability of 

early stage design technologies according to Human Computer Interaction (HCI) studies. 

Though the Delphi method would be an appropriate method for this study however, it is an 

extremely comprehensive user group study involving several rounds of in-depth open-ended 

discussions. Therefore, considering the limited time frame available to conduct this study, the 

Delphi study was not used to determine consensus. Based on the concepts of Delphi method, 

the expert validation involved a less comprehensive method and is more suitable within the time 

constraints.  

 

3.5.4 Qualitative Triangulation 

The researcher used qualitative triangulation to reinforce the study results and reduced 

unwanted biases and weakness of the individual steps. Figure 3-13 represents the prototype 

DSS usability testing using qualitative triangulation.  
 

 
Figure 3-13: Prototype DSS credibility testing using qualitative triangulation 

 

The interpretation of the two collaborative case studies, the first-person experiences of the 

research participants in the immersive case studies and the expert validation can be used to 
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inform the next iteration of the tool that can be a part of future study. The following section gives 

examples of prior and current similar works to show that qualitative research involving expert 

designers is a suitable solution to evaluate the architect’s willing to use an empathetic tool to be 

more responsive to the occupant’s needs.  

 

3.6 Precedent 1: Inclusive Design Toolkit: Informing Qualitative Research 

In their paper titled “Simulation Software: Providing Insight into the Effects of Vision and Hearing 

Impairments,” Goodman-Deane et al. (2011) give an overview of the simulator tool called 

Inclusive Design Toolkit and how it was developed to ensure usability, functional effectiveness 

and the quality of the simulations. Some of the issues that surfaced during development and 

some initial feedback from a user group on the use of the Inclusive Design Toolkit are briefly 

described. The online version is also available on the website (www.inclusivedesigntoolkit.com). 

It can also be downloaded for free from this website. The simulator includes separate parts 

dealing with vision and hearing. The tool simulates a range of vision impairments: macular 

degeneration, diabetic retinopathy, glaucoma, retinitis pigmentosa, color blindness, cataracts, 

and short and long sightedness.  

 

The simulator was developed using an iterative development model with four main rounds of 

development and usability testing, as well as feedback from vision and hearing experts. Thirteen 

usability tests were conducted in person, with four others by e-mail. In addition, a drop-in 

session obtained feedback on a final version of the simulator from about ten participants. Initial 

vision simulations were presented to four experts: a consultant optometrist, a professor of visual 

rehabilitation, a professor of optometry, and a senior lecturer in optometry. These experts 

provided feedback on the simulation of the impairments, its accuracy, and problems and how it 

could be improved, as well as on the set of simulations as a whole. The simulations were 

changed based on the experts’ feedback. For example, different degrees of blur and opacity 

were applied to some simulations, and the “mild” and “severe” end-points of some of the 

simulations were made weaker or stronger. Moving the eye-focus was made more prominent as 

this was considered an essential part of some of the impairments, and a simulation of short and 

long sightedness was added. The new version of the simulations was taken back to the experts. 

The changes were mostly approved, and a few more actions were identified. 
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The works of Goodman-Deane et al. (2011) was a useful case study and informed the 

formulation of the algorithms for the vision impairment conditions considered for this study. The 

prototype designed in this study was foreseen to be better than the Inclusive Design Toolkit in 

the following ways. 

 The prototype used multiple image formats including high dynamic range (HDR) images. 

HDR images capture the real lighting quality of spaces.  

 The prototype enabled application of a selected vision impairment algorithm on a single 

or multiple frames of images of the designed space.  

 The prototype enabled combining of multiple frames of images into partial animation or 

walkthrough of the space. The designer has the option to observe the designed space as 

a static point in time. Similarly, the designer has the option to simulate movement 

through space with the given vision impairment condition.  

 The prototype included an option to qualitatively evaluate design alternatives or between 

the two vision impairment conditions—central and peripheral vision loss. 

 The prototype included slider bars to accommodate minor design tweaks such as 

brightness, luminance and contrast. These minor design tweaks can inform the designer 

of the impact of design changes.  

 

3.7 Overview of Research Data Analysis Process 

The goal of qualitative research is to gain a holistic overview of the context under the study 

(Miles & Huberman, 1994). It involves gaining an understanding of how people in real world 

situations make sense of their environments and themselves and it achieves this by means of a 

variety of tactics. Qualitative studies tend to focus on contemporary phenomenon; it 

acknowledges the role of interpretation in the collection of data sources and presentation of data 

(Miles & Huberman 1994). The writing styles of qualitative work are typically offered in a 

personal informal writing stance that lessens the distance between the writer and the reader 

(Creswell, 1994). The process of data collection for this study included the following steps: 

 Data reduction  

 Coding  

 Data display 

 Drawing conclusions and verifying 
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3.8 Result Presentation Method 

Based on the data analysis procedure, the results of the study were broadly presented by using 

the following methods: 

 Creating a tabular format made up of categories, comparisons and data trees. 

 Presenting results in the form of visual representations such as charts. 

 Presenting the prototype using animations and images created during the prototyping 

and collaborative immersive design case study process. 

 Presenting descriptions in the form of open-ended writing for the questions based on the 

respondents’ opinion. 

 

3.9 Conclusion 

The prototype development is an ongoing process, which is foreseen to be further continued 

beyond this study. Thus, through this study the researcher gathered information on designer’s 

needs that will be required to develop a full model of the design assistance tool. 

 

3.10 Summary  

This study adopts a qualitative research analysis method. The three strategies: logical 

argumentation, prototype and qualitative research, are combined using the three-phase design 

method. The two major tasks that were conducted during this study include developing the 

prototype decision support system and to evaluate its usability with the help of a purposefully 

selected design project and expert feedback during qualitative research. The findings of this 

study will contribute directly to future research possibilities. The information gained through this 

study can guide the development of the next generations of the prototype tool. Thus the 

research achieved the major goals: to improve the architect’s decision-making capacity to be 

more responsive to occupants needs and to challenge existing normative architectural design to 

incorporate issues of vision impairments.  
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Chapter 4: Logical Argumentation (Initial Rationales Used to Develop 

the Prototype Tool Using Literature Interpretation) 
 

Logical Argumentation is the first phase of the study. It sets rationales to inform the 

development of the design decision-making prototype tool used to re-represent spaces for older 

persons with vision loss. This chapter is an extension of Chapter Two: Literature Review. Figure 

4.1 shows the overview of the research process.  

 
Figure 4.1 Research process 

 

According to Groat, and Wang (2013), all research involves interpretation. In this chapter, the 

researcher considers differing sides of the issues with arguments to show the reasons for 

favoring one side of an argument over another. Facts and information from credible sources 

supported the logical argumentation phase. Arguments were developed using semi-structured 

research to demonstrate the viability of the researcher’s position. The steps used in logical 

argumentation (write.com, 2015) are as follows:  

 Use logical persuasion to build an argument. 

 Clarify the researcher’s position or argument.     

 Introduce the topic sufficiently before taking a stance. 

 Use credible sources to back the researcher’s position. 
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 Include information about the opposing views. 

 Use critical evaluation to create a logical argument .  

 

Accordingly, the main purpose of this chapter is to set forth rationales that were used to inform 

the development of the design decision-making prototype tool to help architects re-represent 

design of spaces as seen by older persons with vision loss. This chapter uses logical 

argumentation to implement the following objectives of the study:  

 To reference the literature to determine the conditions for common vision impairments 

among older persons. 

 To incorporate age-related vision impairment considerations into a prototype tool that 

can re-represent spaces during the early stages of the design process. 

 

The following key questions discuss the rationales for incorporating age-related vision 

impairment considerations into a DSS prototype tool. 

1) What are the most common vision loss conditions affecting older persons? 

2) What is the nature of the vision loss (blurred peripheral or central field) for each of these 

conditions? 

3) What are the appropriate representation approaches for each of the vision loss 

conditions? 

4) What should be the appropriate photometric representation for the proposed design 

process? 

5) What are the most appropriate techniques for integrating the vision loss algorithms 

within the prototype interface? 

 

Figure 4-2 shows the logical argumentation process for the key questions. These key questions 

led to the conceptualization and development of the Person Centered Design Decision Support 

(PCDD) prototype tool for older persons with vision loss. 
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Figure 4-2: Logical argumentation process for the key questions  

 

An overview of the background for the research supports the researcher’s position for 

developing a DSS prototype to help architects design spaces for older persons with vision loss.  

 

4.1 Overview of Background 

Two-thirds of persons with vision impairments are older than 65 years (Salive et al., 1992; Wahl 

et al., 1999). By age 75, one in four people, or: 4.3 million, reports some form of vision 

impairment. Lifestyle changes affect older persons with vision loss causing such conditions as 

depression, loss of inclination to perform tasks and seclusion. Depression affects roughly one-

third of older persons with vision loss (Burmedi et al., 2002; nei.nih.gov, 2012). Researchers 

suggest that elements of the environment can facilitate or become barriers to their functional 

performance. Consequently, designing spaces to fulfill the needs of older persons with vision 

loss would positively impact functional visual performance (Baumers & Heylighen, 2012; 
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Christiansen et al., eds., 2005; Iwarsson, 2005; Hiatt, 1987). Architects often find that a 

representation of a design is revealing, and helps them understand their design better 

(Herssens & Heylighen, 2012). Architectural design is a critical phase in the development of a 

new building project. Figure 4.3 shows the typical steps involved in the current design process 

for daylight study adopted from Yancey, (n.d.) and Mc Minn, (2011) 

 

 
Figure 4.3: Current daylight design process adopted from Yancey (n.d.) and Mc Minn (2011) 

 

In the current design process the architect analyzes the project and proposes significant 

changes in the form of the schematic design. When designing for older persons with vision loss 

such as for adult care or recreation facilities, the architect acquires information about the vision 

impairments from the client, prescriptive design guides, and standards, and to a small extent by 

referring to existing open source research findings. However, it is not always possible for the 

client to be fully aware of how older persons with vision loss may see these spaces.  

 

Existing reference guides and standards only provide general guidelines on minimum 

requirements. Often, this information is vague; for example, standards provide some 

suggestions or metrics regarding lighting needs for facilities serving the elderly care. The 

minimum requirements set by each state may be different. Consequently, it is difficult to 

evaluate if these requirements sufficiently meet the needs of older persons with vision loss. 

During the design process, an architect can test if the design satisfies needs of older persons 
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with vision impairments only if the project has funds to stage mock-ups of the proposed design. 

Staging of mock-ups typically happens during the construction phase. Furthermore, it is not 

always possible to immerse and study older persons with vision loss into the mock-up. 

Additionally, the inclusion of only a few older persons with vision loss may not be sufficient to 

draw conclusions. Often, due to budget constraints and time limitations it is not feasible to 

implement major changes once the project is into the construction phase. Consequently, the 

researcher proposes an additional step early in the design process. Figure 4.4 shows a new 

design process proposed by the researcher in this study. 

 

 
Figure 4.4 Proposed design process influenced by the work of Kalia et al. (2008) 

 

People with low vision have the potential to use their remaining vision, and designers play a 

major role in maximizing the potential of the remaining vision needs. Introducing a re-

representation tool early on in the design process, allows architects to be more critical to 

evaluate if the design decisions meet user accessibility criteria when designing spaces for 

persons with vision loss. This tool is intended to render a proposed design of a space as seen 

by an older person with low vision. Furthermore, this tool aims to allow architects to “see” their 

proposed designs more closely as an older person with low vision would. The researcher 

anticipated that the tool would enable architects to recognize possible issues in the design and 
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still be able to make major modifications during the initial stages of the design process. The re-

representation tool when used in conjunction with prescriptive design guidelines, and expert 

knowledge, will have the capacity to exceed minimum requirements suggested by the codes. In 

some scenarios, the re-representation tool can be used to replace the need of building complex 

real scale mock-ups. In addition to the normal design process, designers can use a re-

representation tool to assist in process of conducting design alterations for retrofit projects and 

to conduct post occupancy evaluations. Section 2.8.1 discusses the rationale for application of 

the proposed design process using cost influence chart.  

 

Consequently, in this chapter the researcher has outlined the initial rationales considered for the 

design of the proposed prototype tool to assist the architect’s decision-making when designing 

spaces for older persons with vision loss. Current knowledge, previous studies and literature 

interpretation informed the rationales. Furthermore, the researcher’s personal experience, and 

limitations such as time and availability of certain domains of knowledge informed the rationales. 

The arguments as they relate to the key questions are presented in the proceeding sections. 

The researcher has cited relevant literature to support the arguments for these key questions 

and to build the proposed prototype tool. 

 

4.2 What Are the Most Common Vision Loss Conditions affecting older persons? 

As one ages, several ocular diseases can affect the visual field, such as chronic glaucoma, age-

related macular degeneration (AMD), diabetic retinopathy, and cataracts (Brusini, 2007; Heiting, 

2014; preventblindness.org, 2012). According to Turano et al. (2005) restricting different 

aspects of the field of view may influence the perception of space. Table 4-1 shows the 

estimated number of cases by vision problem in people aged 40 and over in the United States.  

 
Table 4-1: Estimated cases of vision problem in aged 40 and over in the United States 

(preventblindness.org, 2012) 

Total Population > 40 142,648,393 

Diabetic Retinopathy 7,685,237 

Glaucoma 2,719,379 

AMD > 50 2,069,403 

Cataract 24,409,978 
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Table 4-2 below categorizes the population affected by vision loss based on their age. This table 

suggests that all types of vision impairments are more prevalent in the population subset aged 

80 years and over.  

 
Table 4-2: Population with vision loss based on age in the United States (preventblindness.org, 2012) 

Age 

range 

People with 

AMD 

People with 

Glaucoma 

People with 

Cataract 

People with Diabetic 

Retinopathy 

Total 

Population 

40-49  301,188 1,094,304  1,019,862  43,599,555  

50-59 160,351 448,216 2,959,667  3,235,693  41,962,930  

60-69 208,660 528,541 5,674,008  1,920,404  29,253,187  

70-79 382,333 555,104 7,007,627   16,595,961  

+80 1,318,058 886,329 7,674,372  1,509,278  11,236,760  

 

The research parameter was limited to developing a design assistance tool to inform architect’s 

decision-making when designing spaces for older persons with degenerative retinal disorders. 

Low vision deals with individuals who have a significant reduction of vision function that cannot 

be fully corrected (visionservealliance.org, 2013). The research parameter was limited to vision 

disorders that cannot be corrected by use of ordinary glasses, contact lenses, medical treatment 

and/or surgery. The researcher used current knowledge on the diseases to rationalize the 

development of the vision information loss simulation. However, the researcher was not able to 

find sufficient data and reliable literature to simulate appropriate representations for all the vision 

loss conditions mentioned in the Table 4-2.  

 

As mentioned in the table 4-1 and 4-2, cataract affects more than 24.4 million Americans older 

than 40 years, and more than half of the population by age 80 years (preventblindness.org, 

2012). The vision disorder cataract is caused as a result of the body’s natural aging process 

(Brice & Barclay, 2012). Cataract causes clouding of the eye’s natural lens present in front of 

the eye, preventing light from reaching the retina, thus leading to an overall blurring and 

haziness of vision (cnib.ca, 1996-2015). However, the retina is intact in persons affected by 

cataract. Moreover, cataract surgery can be performed to replace the cloudy lens of the eye with 

a clear plastic lens, thus improving vision function (njlasikmd.com, 2016). Consequently, 

cataract doesn’t fulfill the research parameters, and was not considered as a part of this study.  
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Vision disorders such as AMD, glaucoma, and diabetic retinopathy are degenerative vision loss 

conditions affecting the retina, a part that is essential for vision (thelondonproject.org, 2007). 

Diabetic retinopathy is the leading cause of blindness in the United States. It affects the vision of 

more than half of the 18 million people diagnosed with diabetes age 18 or older (nlm.nih.gov, 

2008). Consequently, this disorder is not uniquely affecting older persons and may affect 

persons in all age groups. Studies show that genetic factors play an essential role in the 

development of diabetic retinopathy (Simó-Servat, Hernández & Simó, 2013). Diabetic 

retinopathy is preventable by controlling blood sugar. Damage caused by diabetic retinopathy 

cannot be corrected. However, patients diagnosed with the condition can be treated to slow its 

progression and minimize further vision loss (njlasikmd.com, 2016).  

 

According to nlm.nih.gov, (2008) AMD is the leading cause of vision loss in American 60 and 

over. Both AMD and diabetic retinopathy conditions predominantly affect the central macula 

(Cunha-Vaz & Cummings, 2008). Diabetic retinopathy is a deterioration of the retinal blood 

vessels, which may cause leaking into the center of the retina. This results in an overall blurred 

vision and blind spot (galianiophthalmology.com, 2016). This condition results in dispersed 

areas of vision loss, where portions are completely blocked out. AMD cause loss of the central 

field of vision and it doesn’t cause total blindness because it doesn’t affect the peripheral vision 

(Chung & Singh, 2010; Broadway, 2013). Consequently, the person with AMD can turn their 

head to compensate for the central vision loss. However compensation for dispersed loss from 

retinopathy is more challenging. On the contrary to AMD and diabetic retinopathy, glaucoma 

results in loss of peripheral vision with a sharply focused area in the center (Broadway, 2013; 

Chung & Singh, 2010). Figure 4-5 shows examples of the vision loss conditions AMD, diabetic 

retinopathy and glaucoma (nei.nih.gov, 2012).  

 

   
Figure 4-5: (Left) Age-related Macular Degeneration (AMD), Diabetic Retinopathy (Center), Glaucoma 

(Right) (nei.nih.gov, 2012) 
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From the figure 4-5, diabetic retinopathy appears to be a heterogeneous vision loss condition. It 

was difficult to determine the exact nature of diabetic retinopathy from existing literature studies. 

The dispersed areas of vision loss due to diabetic retinopathy may vary from person to person 

making it complex to determine the exact progression of this vision disorder. Consequently, due 

to lack of sufficient literature guiding the development process and the complexity of the 

remaining vision information, diabetic retinopathy was not considered as a part of this study. 

However, due to the high incidence of cataract and diabetic retinopathy among older persons, 

these conditions must be included in future studies focusing on development of a full-fledged 

design assistance tool.  

 

Age-related Macular Degeneration and Glaucoma are the two leading causes of blindness and 

cause deterioration of the central and peripheral vision respectively among older persons. The 

researcher used current knowledge on the diseases to rationalize the development of the vision 

information loss to represent central and peripheral vision loss. The late stages of glaucoma and 

the wet form of Age-related Macular Degeneration (AMD) cause irreversible vision loss in older 

persons. For instance, glaucoma is the second leading cause of blindness in the U.S (Chung & 

Singh, 2010; Broadway, 2013). The wet or neovascular form of AMD causes rapid visual loss 

with irreversible damage to the macula occurring right after deterioration of the retina (Chung & 

Singh, 2010). The vision loss algorithms presented here were intended to be an integral part of 

a decision support prototype tool that will help architects to re-represent their designs as seen 

by persons with AMD and glaucoma. The rationale for developing appropriate representation for 

these vision loss conditions is discussed in the chapter. 

 

4.3 What is the Nature of Vision Information Loss (Blurred Peripheral or Central Field) for 

Each of These Conditions? 

The two common age-related vision impairments considered for this study were AMD and 

glaucoma. AMD causes progressive destruction of the macula and progresses very slowly. This 

eye disease disables the central vision while the peripheral vision remains unaffected (Chung & 

Singh, 2010). Glaucoma on the other hand causes progressive destruction of the peripheral field 

of vision while the central vision remains intact (Chung & Singh, 2010; Broadway, 2013). Both 

vision loss conditions cause blurring of vision. Unfortunately, it is hard to specify the exact 

nature of the blur condition. Blurring causes indistinctness of boundaries and lines produced by 
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degradation of the optical image on the retina in refractive disorders and by opacities of the 

ocular media (Skarf et al., 2006; Harkey et al., 2009). Table 4-3 lists the common symptoms 

affecting older persons with AMD and glaucoma (Quillen, 1999). 

 
Table 4-3: Symptoms of AMD and glaucoma (Quillen, 1999) 

Type of vision loss Symptoms 

AMD Blurred vision, image distortion, central scotoma, 

difficulty reading 

Glaucoma  Visual field loss, blurred vision (late) 

 

To develop a vision loss algorithm, the researcher needed reliable information concerning the 

vision conditions. Information can be gathered via existing research publications, interviews with 

vision research experts, or by conducting user-based studies with a large population of older 

persons suffering from AMD or glaucoma. Due to time limitations, the researcher used existing 

literature to develop an initial algorithm that approximates the vision information loss due to the 

two conditions. Representations of the two vision loss conditions presented in the literature vary 

significantly. Table 4-4 shows the variability of the illustrations of AMD and glaucoma from 

various publications.  
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Table 4-4: illustrations of AMD and glaucoma from existing publications that were used to represent the 

two vision loss conditions 

Source AMD: Central Vision Loss Glaucoma: Peripheral Vision Loss 

(CDC/NCHS, 2013a) 

  
(NEI/NIH, 2015) 

  
(Afb.org, 2015) 

 

 

 

 

(ACBVI, 2001-2014a) 

 

 

(ACBVI, 2001-2014b)  

 
(Viewfinderlowvision.com, 2015) 

  
(Inclusive Design Toolkit, 2015) 

  

 

The information from past studies concerning vision loss conditions is inconsistent. Vision 

impairments are heterogeneous in nature. The rate of progression of vision impairment 
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conditions may be unpredictable and, therefore, it may be difficult to accurately represent the 

different stages of selected vision impairments.  However, the exact representation of a given 

low vision condition is not the primary focus of this research. Determining specific representation 

tactics is perhaps a question for ophthalmology rather than architecture and is therefore beyond 

the scope of this work. Consequently, instead of finding an exact representation and algorithm 

for: AMD and glaucoma, the researcher used literature to simulate appropriate representation of 

generic models of retinal disorders such as central and peripheral vision loss. 

 

4.3.1 Nature of Age-related Macular Degeneration (AMD) 

Early manifestations of AMD include the appearance of drusen. Drusen are yellow deposits 

under the retina, the light-sensitive tissue at the back of the eye. Dry AMD and wet AMD are two 

forms of the AMD vision condition. Dry AMD, or the non-neovascular form, causes gradual 

decline of the retina. Around 80% of AMD patients have dry AMD. As the disease progresses, 

the drusen increase in size and number and eventually damage the light-sensitive cells of the 

macula to form scotomas. A scotoma is an area of poor vision surrounded by relatively better 

vision, and implies a circumscribed area of darkness or dimness in the visual field (Skarf et al., 

2006). Vision loss is more apparent in this condition and causes blurry central vision (Ferris et 

al., 1984; Kahn et al., 1977). Some patients describe scotomatous area as blurred rather than 

dark (Armaly, 1969; Carroll & Johnson 2013; Harkey et al., 2009). Pronounced central field 

depression is not indicative of refractive errors or ocular media opacities, which rather produce 

diffuse or non-localized blurring of vision. Depression or absence of vision anywhere in the field 

of vision is abnormal (Spector, 1990; Walker et al., 1990). 

 

The wet or neovascular form of AMD progresses rapidly. Abnormal blood vessels accumulate 

underneath the macula and leak blood and fluid. This form of AMD causes more rapid visual 

loss with irreversible damage to the macula and can quickly occur right after the deterioration of 

the retina (Chung & Singh, 2010). When blood vessels break through the surface of the retina 

and cause leakage of blood (hemorrhage), blind spots may occur (Chicagolighthouse.org, 

2015). Wet AMD may be responsible for almost 90% of the severe visual loss from AMD (Ferris 

et al., 1984; Kahn et al., 1977). The following are common symptoms of AMD (Afb.org, 2015; 

freedomscientific.com, 2015): 
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 Lines appear wavy or broken - the edges of a square table or a book cover may seem 

distorted. 

 Letters and numerals will not come into focus. 

 Dark spots appear in front of one or both eyes. 

 Things may appear darker, mainly because of damage to the cone cells in the retina, 

which receive and process light (Afb.org, 2015).  

 

For this study the researcher uses the description of the symptoms of dry and wet AMD as 

mentioned in Chicagolighthouse.org, (2015). Symptoms of dry AMD include the following 

(Chicagolighthouse.org, 2015): 

 Localized areas of vision loss or scotomas  

 Blurred spots  

 Blank spots  

 Blotches 

 Distortion  

 

Symptoms of wet AMD include the following (Chicagolighthouse.org, 2015): 

 Wavy or distorted objects (the straight edge of a building may appear curved)  

 Sudden and rapid decrease in central vision 

 Blind spots may occur  

 

4.3.2 Nature of Glaucoma  

The two major forms of glaucoma are open-angle glaucoma (OAG) and angle-closure glaucoma 

(ACG). Both forms of Glaucoma cause a buildup of fluid and pressure in the eye, with 

associated optic neuropathy and visual field loss. OAG is more prevalent than ACG (Broadway, 

2013; Chung & Singh, 2010).  

 

Common symptoms of glaucoma include the following:  

 Blurred Vision 

 Halos around lights 

 Difficulty seeing in dim lighting 

 Para-central defect 10–20º from the blind spot 
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 Generalized constriction (tunnel vision) 

 Total loss of field 

 

Open-angle glaucoma often meets the following conditions (glaucoma.org, 2015):  

 Shows no early warning signs 

 Develops slowly 

 Causes loss of side or peripheral vision  

 Retains visual acuity or sharpness of vision until late in the disease 

 Results in irreversible damage 

 

Angle-closure glaucoma often meets the following conditions (glaucoma.org, 2015):  

 Hazy blurred vision 

 Rainbow colored circles appear around bright lights 

 Sudden sight loss 

 Damage that occurs quickly 

 

4.3.3 Summary of Nature of Vision Loss 

It is difficult to develop exact representations of the vision loss conditions, AMD and glaucoma. 

Consequently, for this study, the researcher has considered some of the general symptoms of 

the two vision disorders to develop appropriate vision loss representations for the following:  

– Loss of Central Field of Vision 

Dry AMD causes the gradual decline of the retina. The researcher used information on the 

symptoms for early dry AMD to represent the early stages of central vision loss. Using the 

limited information from literature, the researcher assumes that the later stages of the dry 

AMD, as well as wet AMD, are similar but more extensive. However, it is difficult to 

represent the progression of wet AMD, due to the rapid loss of vision that is not evident until 

the retina has significantly deteriorated. Based on the published data, the researcher 

developed an algorithm that represented the vision loss for older persons with loss of central 

field of vision using limited information on early stages of Dry AMD and late stages of Wet 

AMD. Figure 4-6 shows the first iteration of the representation of the loss of central vision. 

The process involved in the evolution of the final representations will be discussed in detail 

in Chapter Five: Prototyping. 
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Figure 4-6: Representation of the loss of central vision, 1st iteration 

 

– Loss of Peripheral Field of Vision 

Current data suggest that OAG is more prevalent than ACG and has a slower progression. 

Vision loss due to OAG is irreversible. The limited data on ACG suggest symptoms such as 

hazy, blurred vision. Due to a lack of consistency in the published data, the researcher 

developed an algorithm that represented the peripheral vision field loss for older persons 

with OCG. Figure 4-7 shows the first iteration of the representation of the loss of peripheral 

vision. The process involved in the evolution of the final representations will be discussed in 

detail in the Chapter Five: Prototyping. 

 

 
Figure 4-7: Representation of the loss of peripheral vision, 1st iteration 

 

Contrast sensitivity affects the amount and quality of light received from the surrounding 

environment.  It causes dimming of light, glare and loss of luminous and color contrast (NCBI.IE. 

2015; Richman et al., 2010). Contrast is the change in brightness across space or time. For 

most clinical and research purposes, the contrast of a visual stimulus is defined by the 
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relationship between luminous and color intensities (Harkey et al., 2009). In clinical settings 

contrast sensitivity can be scaled with the help of charts and electronic devices. Although 

commercially designed equipment that simplifies this process is now available, developing 

functions for contrast sensitivity would be time-consuming and impractical in most clinical 

settings (Harkey et al., 2009).  

 

In conclusion, the researcher developed the representation approximations using 

recommendations from the literature. In addition, the most useful source of information were the 

recommendations for representing vision impairments by Goodman-Deane et al. (2011) along 

with simulation examples shown in the Graphic User Interface (GUI) developed for the Inclusive 

Design Toolkit. Figures 4-8 and 4-9 illustrate the nature of representations of AMD and 

Glaucoma from these sources that were adopted for this study (Goodman-Deane et al., 2011).  
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Figure 4-8: (Left) Nature of the three stages of AMD (Central vision loss) as represented through the 

Inclusive Design Toolkit and adopted for this study Goodman-Deane et al. (2011) 
Figure 4-9: (Right) Nature of the three stages of Glaucoma (Peripheral vision loss) as represented 

through the Inclusive Design Toolkit and adopted for this study Goodman-Deane et al. (2011) 
 

The proceeding section discusses the rationales used to develop the representations for central 

and peripheral vision loss. 

 

Initial Stage AMD: 4° 

Intermediate Stage AMD: 40° 

Late Stage AMD: 75° Late Stage Glaucoma: 60° 

Intermediate Stage Glaucoma: 18° 

Initial Stage Glaucoma: 4° 
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4.4 What Should Be the Appropriate Representation Approaches for Each of the Vision 

Loss Conditions? 

Central and peripheral vision loss result when different regions of the retina degenerate, 

conditions that commonly affect older persons. Every time the eye scans through physical 

environments, the position of the central or peripheral scotomas will change slightly. It is difficult 

to model exactly the behavior of the vision impairments, such as capturing the dynamic nature 

of eye movement while simultaneously tracking spatial movement. Consequently, in this study, 

the researcher uses static eye representation without any head movement and the prototype 

tool uses a pictorial representation strategy. The researcher did not find reliable information on 

the use of accurate mathematical models to represent various vision loss conditions. The 

impairment simulator software developed by the University of Cambridge Engineering Design 

Centre (Inclusive Design Toolkit, 2015) was used to define vision loss parameters. Parameters 

such as scotoma blurring effect, dimming effect, and contrast variations were used to simulate 

the vision loss representations.  

 

The proceeding sections will elaborate on the rationales used to set the parameters and to 

define an appropriate representation technique for central and peripheral vision loss.  

 

4.4.1 Step 1: Rationales for Defining the Field of Vision  

The first step in determing the representation approach was to establish the geometry of field of 

vision. “Field of vision is that portion of space in which objects are visible at the same moment 

during steady fixation of gaze in one direction,” (Skarf et al., 2006; Spector, 1990). Figure 4-10 

shows the normal field of vision for binocular vision (superimposition of the two monocular 

visions) in the horizontal hemisphere and Figure 4-11 shows monocular vision in the vertical 

hemisphere. 
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Figure 4-10: Binocular vision (superimposition of the two monocular visions) in the horizontal hemisphere 

(Polyak, 1941; Spector, 1990; Strasburger et al., 2011) 
 

 
Figure 4-11: Monocular vision in the vertical hemisphere (Polyak, 1941; Spector, 1990; Strasburger et al., 

2011) 
 

Research by Carroll and Johnson (2013), suggest that a normal monocular visual field extends 

approximately 100-110° temporally (away from the nose and towards the temple), 60° nasally 

(towards the nose), 60° superiorly (up), and 70-75° inferiorly (down). The binocular visual field is 

the superimposition of the two monocular fields (Polyak, 1941; Spector, 1990; Strasburger et al., 

2011). For both eyes the combined visual field is 140-150° vertical and 160-170° horizontal. 

Based on this the researcher proposed to use hemispherical fisheye scenes with 180 degrees 

field of view.   

 

4.4.2 Using Hemispherical Fisheye Views 

Due to the aforementioned wide-angle range of binocular vision (approximately 210°), the 

researcher chose to apply a hemispherical fisheye view instead of the more typically used 

parallel view renderings. A hemispherical fisheye view produces images with an ultra-wide-
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angle projection of a hemisphere onto a circle. Fisheye views have the advantage of covering a 

wide field of view (180°) and can sufficiently represent combined visual fields. Fisheye views 

produce strong visual distortions in images at +/- 90° due to its characteristic convex non-

rectilinear appearance; consequently, it is not as widely used as parallel views. However, the 

fisheye view rendering effects are closer to how the human eye sees spaces as opposed to 

parallel view renderings (Horenstein, 2005; Kingslake, 1989).  

 

Additionally, the eyes only see spaces as a wide-angle hemispherical view but, due to the 

uneven distribution of the cones and rods in the retina, the eye sees with high sampling 

frequency in the center and with progressively lower resolution toward the periphery. 

Unfortunately, no solution was available to easily simulate this condition and alter the resolution 

from central to peripheral vision. Consequently, the prototype was developed using fisheye 

renderings without resolution alterations other than the vision impairment filters. Figure 4-12 

illustrates a fisheye view of a small staircase developed by the researcher. The researcher 

argues that fisheye renderings create more representations that are closer to human vision. In 

the proceeding phases of the research, the researcher conducted interviews with design and 

vision experts in an effort to understand their opinions on the use of fisheye versus parallel 

views. 

 

 
Figure 4-12: Fisheye view of a small staircase  

 

The researcher will elaborate on these opinions in the final chapters following the collection and 

analysis of expert feedback; particularly as it relates to the importance of resampling fisheye 

renderings to combine low-resolution peripheral visual information with detailed central visual 

information (Faaborg, 2015).  
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4.4.3 Step 2: Rationales for Defining Central Field of Vision  

Determining the geometric extent of the central field of vision is crucial for representing central 

vision loss as with AMD. The macula is an oval-shaped pigmented area near the center of the 

retina of the human eye. The area of the macula is variable and there isn’t consensus on its 

diameter. Fulton (2008) developed a diagram with anatomical dimensions of the retina of the 

right eye and the corresponding central visual field, as shown in Figure 4-13.  

 
Figure 4-13: Anatomical dimensions of the retina of the right eye and the corresponding central visual field 

(Copyrights - James T. Fulton, 2008) 
 

Polyak specified the macula to be 3 mm minimum diameter (11°) and 5 mm maximum diameter 

(18° as shown in the figure) extending to the edge of the papilla (optic disk or blind spot) 

(Polyak, 1941). Gray and Shatz (1998) defined the macula to have a field of vision with the 

value of 25°. The umbo, foveola, fovea, parafovea, and perifovea areas subdivide the macula. 

Near its center is the fovea, a small pit that contains the largest concentration of cone cells in 

the eye and is responsible for central, high-resolution vision. The umbo is the center of 

the foveola, located at the center of the fovea (Fulton, 2008; cybersight.org, 2014). According to 

Spector (1990), the monocular visual field consists of 30° of central vision and 10° of central 

fixation. 

 

One-third of the retina’s ganglion cells receive input from cones present in just a pinhead-sized 

area called the fovea. Foveal vision constitutes 1-2° of our visual field, which equates to roughly 

the area covered by a thumb at arm’s length. Peripheral vision is low resolution, so the eye 

scans the 2° of foveal vision over the entire area of whatever is being viewed (Sekuler & Blake, 

2001). According to Fulton (2008), the foveola is 0.35 mm diameter and is centered at the point 
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of fixation; this corresponds to a diameter of 1.5° of the field of vision. The fovea surrounds the 

foveola and has the next highest resolution. The fovea measures 1.5 mm in diameter 

accounting for 6.5-7° of the field of vision. According to Strasburger et al. (2011), and Polyak 

(1941), the macula corresponds to the central 17° diameter of the visual field. 

The fovea corresponds to the central 5.2°, and the foveola to 1–1.2° diameter (Fulton, 2008; 

Polyak, 1941; Strasburger et al., 2011). From this, 18° is considered to be the extent of the 

central visual field, with the most detailed vision occurring within 5° diameter of the central 

vision. For the development of the prototype the researcher used a degradation function over a 

50° diameter for the representations to emphasize the progression of central loss vision. 

 

4.4.4 Step 3: Rationales for Creating the Peripheral Field of Vision 

Periperhal vision has a field that approximates to 210° laterally and 135° vertically without eye 

or head movement. Peripheral vision is not as detailed as that in the field of view straight ahead 

(Paul.moggach.yorksoaring.com, 2015). According to Goldstein (2015), a normal field of vision 

is approximately 170° around, with peripheral vision comprising of 100° of this total field of 

vision. Figure 4-14 shows the diagram of the peripheral vision (Sardegna et al., 2002) 

 

 
Figure 4-14: Diagram of the peripheral vision Sardegna, Jill et al. (2002) 

 

The peripheral field of vision is broken down into three segments (Sekuler & Blake, 2001): 

Far-peripheral vision: the vision at the edge of the field of view 
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Mid-peripheral vision: the vision in the middle of the field of view 

Near-peripheral vision: the vision just adjacent to the center of gaze 

 

The boundary between near and mid-peripheral vision occurs at 30° radius based on several 

features of visual performance. Visual acuity declines by approximately 50% every 2.5° from the 

center up to 30°, at which point visual acuity declines more steeply. Color perception is strong at 

20° but weak at 40°. The dividing line between adequate and poor color perception is typically 

accepted as 30°. In dark-adapted vision, light sensitivity corresponds to rod density, which 

peaks at 18°. From 18° towards the center rod, density declines rapidly. From 18° away from 

the center, rod density declines more gradually, in a curve with distinct inflection points resulting 

in two humps. The outer edge of the second hump is at about 30° and corresponds to the outer 

edge of good night vision. The outer boundaries of peripheral vision correspond to the 

boundaries of the visual field as a whole. For this study the researcher considered the peripheral 

degradation function to begin 18° away from the center.  

 

Aging causes loss of peripheral vision, with the size of our visual field decreasing by 

approximately 1° to 3° per decade of life. Persons in their 70s and 80s may have a peripheral 

visual field loss of 20° to 30° (Heiting, 2014). Peripheral vision loss leads to either a sudden or 

gradual narrowing of the visual field. The severity of the vision loss can be determined by 

whether the far, mid, or near peripheral vision is impaired (healthhype.com, 2015). According to 

the studies mentioned above, peripheral vision extends to around 100°, with the most detailed 

vision present within 5° diameter of the central vision. The peripheral vision retains some 

detailed vision between 18° to 30° from the line of sight, after this the visual acuity gradually 

decreases. For this study the researcher sets the peripheral vision degradation between 180° to 

15° to account for the progression of peripheral vision loss. 

 

4.4.5 Conclusion 

The World Health Organization defines blindness as vision less than 20/500 in a person's best 

eye or a visual field of less than 10° (Who.int, 2015). Central visual acuity of 20/200 or less in 

the better eye with corrective glasses is legal blindness. A person is said to be legally blind if the 

peripheral field contracts to an extent that the widest diameter of the visual field subtends an 

angular distance no greater than 20° in the better eye (Koestler, 1976). Even though visual 
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acuity of 20/200 or less is widely accepted as legal blindness, these persons still have some 

remaining vision. In this study, vision loss conditions also accounted for some ranges of legal 

blindness. Blindness categories between the ranges of 20 to 50 degrees from the point of 

fixation were also accounted as central vision loss and ranges between 20 to 15 degrees from 

the point of fixation were accounted as peripheral vision loss. Ranges higher than this may not 

be useful for architects trying to improve remaining vision needs. This contributes to 

opportunities for future studies that question the ranges of legal blindness, thus establishing new 

normative theory. The algorithms representing central and peripheral vision loss were 

developed for the prototype, as discussed in Chapter 5. The algorithms were designed to 

approximate initial, intermediate, and final stages of static central and peripheral vision 

restrictions; that is, the appearance of a space when looking straight ahead without head 

movement at a given point in time. Table 4-5 shows the various stages of central and peripheral 

vision loss considered for this study. 

 
Table 4-5 Stages of central and peripheral vision loss 

 Initial Vision Loss 

Range 

Intermediate Vision 

Loss Range 

Late Vision Loss 

Range 

Blindness 

Central Vision Loss Less than 5° 5°-9° 10°-19° 20°-50° 

Peripheral Vision Loss More than 90° 90°-59° 60°-21° 20°-15° 

 

A person with an unhealthy macula may observe spots, blurring, or distortion while a person 

with unhealthy peripheral vision would observe gradual loss of vision and blurring of the 

periphery progressing towards the macula. For this the prototype includes slider functionality to 

represent the progression of the vision loss. With this simulation capability, architects are 

presented with a visual representation of their design with an overlay of the missing visual 

information for an older person suffering from the various stages of vision impairment. Table 4-6 

shows an overview of the rationales related to the parameters for central and peripheral vision 

loss.  
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Table 4-6: Rationales related to the parameters for central and peripheral vision loss 

Steps Parameters Findings 

Step 1 Defining Degrees of Field of Vision  

 Binocular vision (horizontal hemisphere) (200-220)° 

 Monocular vision (vertical hemisphere) (140-150)° 

 Parallel vs. Fisheye view  Hemispherical Fisheye view 

Step 2 Defining Degrees of Central Field of Vision (0-18)° 

 Defining Degrees of Peripheral Field of 

Vision 

(110-18)° 

Step 3 Defining nature of representation of central 

vision loss 

Spots  

Central blur progressing toward the edges 

Dimming, Loss of Luminous Contrast  

 Defining nature of representation of central 

vision loss 

Gradual loss of peripheral vision 

Peripheral blur progressing toward the macula 

Dimming, Loss of Luminous Contrast 

Step 4 Precedent representing central vision loss 

(Goodman-Deane et al., 2011) 

 
 Precedent representing peripheral vision 

loss (Goodman-Deane et al., 2011) 

 
Step 5 Stages of central vision loss Initial: Less than 5° 

Intermediate: 5°-9° 

Late: 10°-19° 

Blindness: 20°-50° 

 Stages of peripheral vision loss Initial: More than 90° 

Intermediate: 90°-59° 

Late: 60°-21° 

Blindness: 20°-15° 
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4.5 What Should Be the Appropriate Photometric Representation for the Proposed 

Design Process? 

This section discusses the rationales for developing appropriate photometric representations for 

the proposed design process. The researcher relied on personal experience and, interpretation 

of the literature to define the components required for developing the photometric 

representations. Constraints such as time, budget, and the researcher’s computing skills 

influenced the development process used in this study.  

 

Architects are typically well sighted and therefore design from that perspective. Other than by 

prescriptive approaches the architect is not able to achieve a more in-depth person centered 

approach for older persons with vision impairments. And if they are, it is usually only in the later 

stages of design through simulation or mock-ups. Re-representing spaces while designing 

spaces for older persons with vision impairments would provide architects with an added 

opportunity to use proscriptive judgment to reject or approve early design ideas. Currently, 

however, representations are most informative about space for persons with normal vision. 

Thus, in this study the decision support prototype is designed to allow architects to re-represent 

spaces as seen by older persons with vision impairments and thus use proscriptive judgment to 

make design decisions. Figure 4-15 shows the activity map from using the DSS GUI within the 

design platform for both new construction as well as renovation projects. The diagram implies 

different design steps to start a design based on renovation projects or new construction.  
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Figure 4-15: Inclusion of the proposed DSS GUI within the current design platform for both new 

construction as well as renovation project 
 

New design construction project  

The steps involved in a new design construction project are as follows:  

 Sketching and conceptualizing design ideas.  

 Developing planar media such as computer simulations to visually examine spatial design 

qualities.  

 Using a CAAD tool called Rhinoceros to develop a 3D model of the preferred design 

alternative.  

 Developing 3D renderings with the Radiance lighting simulation and visualization system on 

a user interface called DIVA for Rhino (Tai & Inanici, 2010). It is an easily adaptable GUI for 

using the lighting design ray-tracing tool Radiance. 

 Setting camera and target positions within the 3D model. 

 Saving the views. 

 Applying DIVA information such as climate details, material definition, date and time of 

taking rendering, and image resolution of the selected views.  

 Running the visualization simulation. 

 Modifying the renderings to convert them to hemispherical fisheye renderings.  
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 Applying tone mapping to display High Dynamic Range (HDR) images appropriately with an 

appropriate photographic tone-mapping operator (Reinhard et al., 2002). The selected 

photographic tone-mapping algorithm was conducted based on the research comparing 

physical scenes to tone-mapped imagery (Cadik, 2008; Tai & Inanici, 2010). 

 
Renovation projects  

The design process proposed for renovation projects follows the same steps as new 

construction except for the following initial steps  

 Taking photographs of the site. 

 Developing HDR assembly to achieve the real lighting quality of the space. 

 Applying appropriate lighting calibration using physical light measurements taken on the site. 

Devices such as photo light meters are commonly used to measure luminance values of 

spaces. A single point of the image can be calibrated with the luminance reading taken on 

site. This will make sure that the image is more or less accurate. 

 Using site photographs to detect major as well as minor design problems early on in the 

design process. Early detection of design flaws can inform the architect about the project 

scope and help in planning for the changes immediately. This would save time and effort to 

develop design ideas.  

 

While designing spaces for older persons with vision loss, the researcher developed a DSS GUI 

that can be used by architects to re-represent their design as seen by persons with vision loss. 

Consequently, the design representations in the form of photographs or HDR renderings are 

used as the DSS input files. The DSS tool will be used to modify these pictorial representations 

by applying masking algorithms. The modification can be used by architects to re-represent their 

designs as seen by persons with vision loss. Additionally, these re-representations allow 

architects to test their ideas and proposals suitable to the specific user group. In practice, 

architects use design representations as important visualization mediums to make design 

decisions. Consequently, before developing the components of the DSS system, the following 

section elaborates on the rationale used to develop photometric representations of spaces to 

function as a DSS input file.  
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4.5.1 Photometric 2D Architectural Scenes 

To examine spatial quality achieved by application of design ideas and sketches, architects 

typically use planar media such as computer simulations. Revit, AutoCAD, 3D Studio and 

Rhinoceros are typically used during the schematic design phases (Gane & Haymaker, 2008). 

In this study the researcher has used design assistance software from Rinoceros 5 to develop 

base renderings (Rhinoceros 5, 2015). The rationale for using Rhinoceros is elaborated in the 

following sections.  

 

Acuity can vary with environment and exposure to light; thus it should be studied under 

conditions similar to the as-built space. Abnormalities of the Macular Degeneration may 

adversely affect visual acuity depending on current and recent exposure to light; such 

exposures can result in glare or prolonged recovery after bleaching of retinal photoreceptors 

(Harkey et al., 2009). While designing spaces for older persons with vision loss, design 

decisions regarding luminance distributions are crucial to determining lighting patterns around 

the visual target and the luminance contrast between the target and its background (Tai & 

Inanici, 2010). The proposed approach takes this into consideration. Design that considers 

luminance contrast can improve user accessibility and better fulfills functional visual needs. 

Luminance contrast is a measure of the perceived lightness or brightness difference between 

two colors. For example, users lose the ability to detect targets when luminance values between 

the color of the target and the background are too close (Macintyre & Cowan, 1992). For this 

purpose, predicting the photometric appearance of spaces is important when designing spaces 

for older persons with vision loss.  

 

4.5.2 High Dynamic Range (HDR) Renderings versus Low Dynamic Range (LDR) 

Luminance levels in as-built spaces are typically highly dynamic in nature, with ratios on the 

order of 10,000:1 from highlights to shadows. In daylit spaces luminance levels change 

dramatically over time and from place to place. With low intensity, high dynamic ranges, and 

rapidly changing illumination conditions, older people with visual disorders can be impaired 

(Luksch, 2007). Typically, Low Dynamic Range (LDR) renderings are constrained by limitations 

in the rendering algorithms as they generate only 8-bit per color channel per pixel. In LDR the 

red, green, and blue values of a pixel are each represented by a fraction in the range of 0 to 1 

where 0 represents zero intensity, and 1 represents maximum intensity for a display device. 
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However, such renderings fail to accurately reproduce the real world scene.  The human eye 

adjusts to the surrounding lighting conditions. An object appears brighter or dimmer based on 

the background lighting level. For example, under dimly lit conditions a white object appears 

less bright in comparison to a gray object seen in full daylight conditions. Furthermore, the eye 

is more sensitive to changes in brightness toward the lower end of the range of sensitivity than 

toward the high end (unity3d.com, 2015).  

 

HDR renderings are computer-generated scenes using lighting calculations over a large 

dynamic range. They maintain contrast ratios to preserve object details. HDR rendering can 

store physically correct light values. HDR rendering increases the visual quality of real-time 

scenes. Algorithms can be applied to pixel values in HDR renderings to imitate the physical 

behavior of light and human vision. By doing this the color and luminance values of HDR 

rendering approach real-world luminance values, measured in Candela per square meter. In 

contrast to LDR, with HDR, instead of 8-bit color depth the whole calculation is done in floating-

point values. The dynamic range is the ratio of the highest and lowest value of the data (Luksch, 

2007). Ward (1985) introduced High Dynamic Range Imaging (HDRI) with his open-source 

Radiance rendering and lighting simulation software. This software was used to create the first 

file format to retain a high-dynamic-range image.  

 

Real world visible light covers a vast dynamic range, with a contrast ratio ranging to 1:100,000 

(McCollough, 2008). “Humans are capable of simultaneously perceiving over 4 orders of 

magnitude (1:10,000 contrast ratio), and can adapt their sensitivity up and down another 6 

orders” (Ward & Simmons, 2004). HDR images cannot be displayed directly on standard display 

hardware. According to Banterle et al. (2009), and Apple (2016), the current modern computer 

LCD monitor display technology typically has contrast ratio of around 1,000:1. This can process 

only 8/10-bit images for each color channel. Due to the large range of intensities, mapping HDR 

into the limited range generated by a conventional display device is a fundamental problem 

(Banterle et al., 2009; Reinhard et al., 2005). The following section elaborates on the 

parameters used to display correct photometric scene representations on current display 

devices.  
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4.5.3 Displaying Photometric 2D Scene Representations 

Current display devices cannot display the full HDR lighting levels simulated through physically 

based rendering tools. Tone mapping operators are used to compress the whole range of 

lighting levels into display devices (2 logarithmic units). Consequently, tone mapping operators 

are used to display HDR images as perceptually realistic LDR scenes on conventional display 

devices. Physically and perceptually accurate images have previously been utilized in 

experimental studies to investigate various aspects of lightness, color, shape, and depth on 

visual perception (Boyaci et al., 2003; Delahunt & Brainard 2004; Doerschner et al., 2004; 

Fleming et al., 2004; Tai & Inanici, 2009b). Most techniques use a logarithmic mapping to 

simulate human vision. A global tone-mapping operator is used to determine a mapping function 

for all pixels; e.g. it takes the average luminance of the scene to scale all values. Another 

approach is a local tone-mapping operator, which calculates a mapping value for each pixel 

from the surrounding pixels (Banterle et al., 2009; Reinhard et al., 2005).  

 

Consequently, one of the main considerations for this study was photometric accuracy. In 

addition to using HDR, as previously described, wide-angle fisheye views with camera position 

set at human eye level were used to approximate the full field of human vision. For this, the 

camera position was set at a height of 5 feet (average human standing height) from the ground 

level. The photographic tone-mapping algorithm was applied on images to compress the full 

range of lighting levels to be processed on conventional display devices (Cadik, 2008; Reinhard 

et al., 2002; Tai & Inanici, 2010).  

 

4.5.4 Tools Used to Generate Photometric Scenes  

According to Tai and Inanici, (2009), architectural design is envisioned three-dimensionally in 

pictorial spaces.  Computer simulation allows the study of the dynamic nature of daylighting 

through the year. Pictorial representations of unbuilt design projects can appear as pictures 

produced by photometric rendering tools. These representations are useful for visualizing the 

form and the spatial layout of the proposed architectural design. However, this may be 

inadequate and misleading to simulate lighting qualities of space (Tai & Inanici, 2010).  

 

Tai and Inanici, M. (2009), prefer using the HDR image format as it contains lighting data from a 

simulated scene that numerically encompasses the range of light-rays found in real scenes. 
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Radiance RGBE format of HDR values use a 32 bit encoding (Ward, G., 1991), and can 

encompass the complete range of the human visual system. RGBE is an image format that 

stores pixels as one byte each for RGB (red, green and blue) values with one byte shared 

exponent. These renderings can be generated using the Radiance Lighting Simulation and 

Rendering System (Ward & Shakespeare, 1997) and then stored in RGBE-HDR image format 

(Tai & Inanici, 2009). The numerical accuracy of Radiance software has been validated 

(Mardaljevic, 2001).  

 

Radiance is a popular, fast, and accurate method of determining the luminance of a region of 

interest. It works by reverse ray tracing of light from a region of interest back to the source. It is 

an efficient method of determining luminance flux. Although reverse ray tracing is conceptually 

straightforward, the method critically depends on accurate source model information such as 

material and reflectance qualities of the space. Although it is a more time-consuming and 

comprehensive modeling method, prior studies suggest that modeling scenes with realistic 

lighting levels are useful for designing spaces for persons with vision impairments (Morales et 

al., 2010; Ward & Shakespeare, 1998). Radiance is a physically accurate and comprehensive 

lighting analysis tool. It can help accurately calculate daylight factor, illuminance, luminance, and 

daylight autonomy. The Radiance lighting simulation and visualization system is a physically 

based rendering program that models light transport and material properties based on their 

governing physical equations (Ward & Shakespeare, 1997). The rendered image is a range of 

luminance map that encompasses numerically accurate lighting data (Mardaljevic, 2001; 

Ruppertberg & Bloj, 2006). Table 4-7 shows the various lighting analysis tools used during the 

design process.  
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Table 4-7: Lighting analysis tool used during the design process 

Lighting design tools Accuracy for lighting design Represent 
impairment 

Tool used 
in this study 

Ecotect (Split-flux 
method) 

Does not take multiple reflections into account 
– leading to under-prediction of interior lighting 
levels  

No No 

Ecotect + Desktop 
Radiance 

After initial model generation switches to the 
basic radiance interface 

No No 

Radiance (reverse 
ray tracing, image-
space algorithm) 

Longer learning curve. Better material 
assignment capabilities. Lack rendering 
capabilities from a diffuse surface. 

Initial 
phases 

No 

Radiocity + 
Lightscape (object-
space) 

 It simplifies things and assumes lambertian 
reflections. Color bleeding issues. 

No No 

DIVA for Rhino 
(plugin) 

Better GUI, flexible No Yes 

Sketchup + Radiance 
open studio 

Web-based interface – trial mode No No 

 

Software systems such as Radiance, Radiocity, and Ecotect have been widely used to design 

ambient lighting, to test luminance levels, and to solve issues related to glare. Recent studies 

demonstrate the use of Radiance to analyze lighting use patterns for persons with low vision 

(Beckmann et al., 2011; Bochsler et al., 2012a; Bochsler et al., 2012b; Kallie, 2012; Legge et 

al., 2010; Regehr et al., 2010; Shakespeare, 2012). 

 

Radiance is more popular than Radiocity. Even though Radiance has a longer learning curve 

and lacks rendering capabilities for diffused surfaces, it is better for approximating properties of 

material and for multiple reflections. Furthermore, Radiocity tends to oversimplify lighting 

calculations and assumes lambertian reflections. Consequently, the Radiocity configuration was 

not used for the study. Radiance is the only tool that can produce HDR scene images of spaces. 

Kallie (2012) has used Radiance generated HDR scenes to represent spaces for persons with 

vision loss. The existing Radiance User Interface (UI) requires users to obtain comprehensive 

training to apply the tool for design needs; due to this not all architects are familiar with the 

software application. Consequently, there is a need for a prototype tool with few interoperability 

issues and a simple interface that is capable of representing spaces for persons with low vision. 
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It is not always easy to simulate exact real world lighting levels into 3D scenes for the following 

reasons.  

– Computational tools required for generating photometric simulations of HDR 3D scenes are 

complicated to use, and the UI is not compatible with many commonly used CAAD tools. 

Often, designers are not familiar with these tools. 

– The effective use of such software requires special technical skills that can take time to 

develop. Designers are often not willing to invest this time and expenses on developing such 

skills unless the tool is easy to use and is beneficial in supporting design decision making.  

– Computation of photometric simulations demands much time and effort. Radiance uses a 

Gaussian representation to create a specular reflection with an additional roughness 

parameter to describe the "sharpness" of the reflection. Specular reflections contribute 

significantly towards the lighting of a space. However; it is difficult to estimate the specular 

characteristics of material finishes.  

– Customization of material properties for translucent panels is difficult. Radiance provides 

little information on causes of light scatter in transparent solids. For example, surface 

roughness may affect both reflection and transmission of light in a transparent solid with 

perfectly smooth surfaces showing sharp, mirror-like reflections. Radiance includes a 

classification for translucent material, but this comes with many assumptions. Consequently, 

for future research there is a need to determine the most appropriate methods of describing 

material. Due to these concerns, the researcher has used widely accepted generic material 

definitions to approximate material finishes.  

– Onsite light measurements are not always available. Consequently, calibration of the 

pictorial simulation to the as-built lighting levels is not always possible 

 

For these reasons, in this study 3D scenes are generated with an easy to use UI for the 

Radiance lighting rendering and visualization system. The Radiance UI used in this study is 

DIVA for Rhino (DIVA), developed by Christoph Reinhart. DIVA is a plugin for the widely used 

CAAD tool called Rhinoceros, developed by Robert McNeel & Associates. DIVA is open-source 

software available for educational purposes. It has a huge online user support group willing to 

provide instant solutions related to the operation of the tool. The DIVA website has short 

tutorials and simple examples of showing the functionalities of the tool. Architects can produce 

photometric scenes using the Radiance lighting analysis tool on the user friendly application of 
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DIVA. Since DIVA is an integrated CAAD interface, 3D Rhino scenes can be directly translated 

into the DIVA UI. One of the most important reasons for using DIVA for this study was the 

minimum learning curve required for its use.  

 

4.5.5 Radiance Material Simulation Component for Daylighting Calculations 

The quality of lighting simulations depends on the accuracy of source model information such as 

materials, finishes, and reflectance of surfaces. It can be difficult to accurately model material 

finishes. The researcher made the following expert suggestions when modeling materials and 

finishes for the 3D scene renderings (RADSITE, 2014). 

 Use reflectance values of 80-50-20 for ceiling, wall, and floor surfaces respectively as a 

general rule when original finishes are not available. The values represent a typical white 

ceiling or tile, walls of light-to-medium colors, and dark carpet/flooring. Lighting designers 

generate lighting simulations to fulfill standard requirements for LEED-v4. Not all 

designers want to invest the extra time, effort, and costs to improve accuracy beyond 

using these typical values.  

 Creating textures can be time-consuming, and it is known to have little impact on 

illuminance values. Ignore details such as textures of carpet, tiles, and wood surfaces, 

unless those aspects will modify the light contribution significantly.  

 Developing material properties from photographs is not a completely accurate method. 

Digital cameras have many built-in image processing functions.  

 When finding the reflection value on a scale of 0 to 1 many experts suggest switching 

images or swatches of the color/pattern into a grayscale image. Most common building 

materials and finishes situate between those extremes. For example, white suspended 

ceiling tiles can range from ~75 to 90% reflectance (lighting-materials.com, 2015; 

uncg.edu, 2013).  

 

4.5.6 Displaying Dynamic Nature of the Space Using Partial Walkthrough 

Pictorial simulations are time static representations of a space.  It is often important to 

understand the changing appearance of the space under dynamic daylighting conditions, 

throughout the day and the year (Cadik, 2008; Tai & Inanici, 2010). Scene representation 

constantly changes as a person moves through a space. Consequently, it is not possible to fully 

capture the essence of the space using a single pictorial simulation. Current tools can capture 
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only a single point in time. It is often important to use dynamic spatial representation to simulate 

the user’s movement patterns and gait when designing spaces for older persons with vision 

loss. Consequently, architects must design spaces while considering the user’s spatial 

movement as well as dynamic daylighting. 

 

Currently, there is no tool to represent spaces for continuous spatial movement and dynamic 

daylight visualization. Rhinoceros has limited capability for creating animations of design 

models. Rhinoceros is capable of rendering animation frames, which can be used to generate a 

series of still images. When linked these still images result in a semi-animated effect. However, 

it is not possible to compile these frames into an animation file using Rhinoceros and, therefore, 

third-party products are needed to compile the frames into an animations (Rhinoceros 5, 2015). 

Consequently, the researcher included a compilation function for linking frames within the 

prototype GUI environment. With this function, the architect can load a series of still images and 

compile the frames to create a partial animation of the space. A pilot study was conducted to 

understand the process of generating a simple photometric 3D scene.  The following approach 

was used to conduct the pilot case study: 

 

– Generate a rendering of a 3D scene of an entrance lobby.  

– Use medium resolution rendering  

– Calibrate scenes by physically measuring lighting levels taken during a site visit  

– Analyze simulated and measured values to demonstrate the similarity between luminance 

levels.  

 

As a result of this study the researcher made the following observations: 

– Developing a rendering of simple high-resolution scene can take anywhere from a few hours 

to a few days depending on the configuration of the computer and its computing capacity.  

– Developing renderings of large spaces with accurate properties of materials such as exact 

specular and textural quality can increase the computation time exponentially.  

– Altering simulation parameters such as increasing the number of ambient reflections of light 

rays that are responsible for determining a path the light travels from each target object to 

the source affects computation time.  
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During the initial design phases, the architect may want to conduct a quick test for the 

alternative solutions. At this stage, the outcomes are typically approximate. Due to time and cost 

considerations, architects prefer quick run times. Consequently, the study was conducted with 

medium resolution renderings. The ambient number of reflections ranged between 2 to 5 with 

the criteria that the renderings accurately capture the luminance levels and appropriately 

represent the appearance of the space. Currently rendering tools such as Radiance require 

large computing capacity, computer memory and RAM power to run even a single still image of 

the space. This limits the number of still images that can be created to represent a partial 

walkthrough.  

 

A person’s walking stride or step length is the distance measured from one footstep to the next 

footstep of the same foot. It is estimated that the average man's walking stride is 5 feet or 60 

inches, and the average woman's stride is 4.4 feet, or 53 inches (Nina K. & Demand Media, 

2015). The stride length will decrease with time for an older person with vision loss. Typically 

public entrance lobbies are at least 60 feet in length in any direction. Using the above stride 

lengths and simulating each step would result in a huge number of still images. Architects are 

typically not willing to invest an enormous amount of time on these renderings during the early 

phases of design. Consequently, an alternate representation method would be to develop partial 

animations by rendering spaces at an interval of 15 to 20 feet between each still image frame.  

   

4.5.7 Pilot Case Study  

A pilot study was conducted to test the photometric lighting quality of design representations. 

The selection criteria for the pilot case study were as follows:  

– Identify a building entrance lobby with heavy traffic through the day and with clear space 

design issues.  

– Get easy access to the site at any point of the study. 

– Get easy access to physically measured drawings, without restrictions on taking pictures. 

The 2nd Floor entrance lobby to Cowgill Hall, on the Virginia Tech Blacksburg campus, was 

selected for the pilot study.   
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4.5.8 Validating Photometric Lighting Quality of Design Representations  

When renovating spaces, calibrated luminance values give a good sense of the distribution of 

light from any vantage point in the scene. During the calibration, physical light measurements 

taken outside were used to correct luminance and to scale values. Therefore, for this design 

scenario HDR image techniques are used to capture photometric spatial scenes (cs.utah.edu. 

2014). Software tools including Photoshop and Photosphere can be used to combine exposures 

of LDR images to make an HDR image (Ward, G., 2013).  

 

For this purpose, photo light meter devices were used to measure luminance values of spaces. 

The calibration process involves editing a single pixel of the HDR image of the space to match 

the luminance reading taken in the real space. The case study fieldwork involved documenting 

the lighting conditions for the space using HDR photography. The study began by picking a 

scene and setting the camera on a tripod at human eye level, or 5 feet high. At this position the 

scene was clicked nine times. Each time, the camera’s bracket was altered to vary the lighting 

exposure level of the scene. These images were taken with fixed shutter speed to improve 

accuracy. The image-processing tool Photoshop was used to combine these LDR images to 

develop an HDR assembly (Ward, 2013). Table 4-8 shows details of the nine scene exposure 

variations that were used to develop a HDR scene assembly.  

 
Table 4-8: Nine scene exposure variations used to develop the HDR scene assembly 

LDR Image Exposure type Shutter speed Exposure time Exposure 

LDR Image 1 Underexposed -4 EV F16 01/30 s ISO 400 

LDR Image 2 Underexposed -3 EV F16 01/30 s ISO 800 

LDR Image 3 Underexposed -2 EV F16 01/30 s ISO 1600 

LDR Image 4 Underexposed -1 EV F16 01/30 s ISO 3200 

LDR Image 5 Base Image 0 EV F16 01/15 s ISO 3200 

LDR Image 6 Overexposed +1 EV F16 01/8 s ISO 3200 

LDR Image 7 Overexposed +2 EV F16 01/4 s ISO 3200 

LDR Image 8 Overexposed +3 EV F16 0.5 s ISO 3200 

LDR Image 9 Overexposed +4 EV F16 1.00 s ISO 3200 

 

The time, camera, and light measuring equipment used during the site visit were as follows:  

Date: 15th October 4:00 PM.  
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Medium Resolution,  

Clear Sky  

Camera: Nikon D300   

Lens: Tamron AF 11-18mm f/4.5-5.6 (Lens: 11-18@11mm, F16)   

Light meter: Extech Light Meter LT300, CS-100A Konica Minolta 

 

Figure 4-16 demonstrates the merging of LDR raw images to make an HDR image using 

Photoshop.  

 
Figure 4-16: Cowgill lobby (LDR to HDR) 

 

Altering the aperture size tends to affect the depth of field, and so the resultant multiple images 

would be quite different, preventing the subsequent combination of the LDR into a single HDR 

image. Different image exposure times were used to develop the HDR image. An important 

limitation of HDR photography is that any movement between successive images will impede or 

prevent success in combining them later. Nine exposure variations were used to capture the 

desired luminance range in a single HDR image. Creating such a full set of images is time 

intensive. To address the movement issue, the researcher used a sturdy tripod. Light-color 

measuring instruments were used to record the luminance, illuminance and color levels of the 

space. These color and luminance values were used to develop the radiance material library for 

the project. The image processing tool Photosphere, developed by Ward (2012), was used to 
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calibrate the HDR images by altering the luminance values to correspond with those measured 

onsite as shown in Figure 4-17. 

 

 
Figure 4-17: Luminance calibration using image processing software called Photosphere  

 

4.5.9 Validation of HDR Renderings Developed on DIVA for Rhino 

On site measurements were used to develop a 3D model of the space on Rhinoceros. The pilot 

study was used to validate the outputs from the tool. Figure 4-18 shows the images of the site 

and the 3D model of the Cowgill lobby.  

 

 
Figure 4-18: Photograph and 3D model of the Cowgill lobby 

 

The researcher set a camera and target position within the model to match the onsite camera 

position. The construction design process steps proposed in Section 4.5 was used to develop a 

photometric rendering with DIVA. The lighting quality of the calibrated HDR photograph taken 

during site visits must be similar to the lighting quality captured in the HDR rendering developed 

using DIVA. In order to test the similarity, the researcher randomly gathered a set of luminance 
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values from the HDR site photograph and a set of luminance values from the HDR rendering 

developed using DIVA. 

 

The researcher used the two-sample t-test and F-ratio for equality of two variances (for random 

sample) to compare the luminance values from the HDR photograph and HDR rendering. 

Through this approach, the researcher was able to demonstrate the statistical similarity in 

lighting levels between the HDR image and the HDR rendering of the same scene. For this 

analysis, luminance values were randomly selected from the HDR photo of a scene taken on 

site. Furthermore, luminance values were randomly selected from the HDR rendering of the 

same scene generated with the help of the Radiance CAAD system. The variance of the two 

sets of luminance values were compared with each other to find similarity. The hypothesis was 

that the two randomly selected sample groups were similar (Ho: σ1 = σ2). Consequently, the 

two-sample t-test was used to test the rejection of the null hypothesis (sample groups are not 

similar (Ha: σ1 ≠ σ2)). The representations were considered statistically similar and therefore 

the renderings validated if the resulting F ratio was significant; that is the values must lie within 

the 95 percent level of significance (α=0.05). Table 4-9 shows the variance for the luminance 

value (for a random sample) for HDR photos and HDR Radiance rendering applied to the 

Cowgill lobby study.  

 
Table 4-9: Variance for the luminance value (for random sample) for HDR photos and HDR Radiance 

rendering (Cowgill Lobby) 

Ho: σ1 = σ2 

Ha: σ1 ≠ σ2 

HDR Photo 

Samples 1 (cd/m2) 

HDR rendering (Radiance) 

Samples 2 (cd/m2) 

Sample mean 10.0672 9.7418 

Sample Variance 1.385 0.511 

 

Figure 4-19 shows the upper right-tailed Distribution for F (10, 10) graph on applying the F-ratio 

test for equality of two variances (for random sample).  

 



119 

 

 
Figure 4-19: Upper right-tailed Distribution for F (10, 10) graph on applying the F-ratio test for equality of 

two variances (for random sample) 
 

Table 4-10 shows the result of applying the F distribution to the outcomes of the two-sample 

test. F distribution for α = 0.05 was 2.978. The calculated f-ratio of 2.7 suggests that the test 

hypothesis (Ha: σ1 = σ2) should be accepted. There is no significant difference between the 

HDR photo and the Radiance HDR rendered image (Sematech & N. I. S. T., 2006).  

 
Table 4-10: Results from the two-sample t-test 

F-ratio  

Sample Variance (HDR Photo) / Sample Variance (HDR rendering) 

2.709  

degrees of freedom  

(Sample – 1) 

10 10 

F-distribution 10 10  

p value (α=0.05) 

The inverse of the (right-tailed) F probability distribution 

Syntax: F.INV.RT(probability,deg_freedom1,deg_freedom2) 

2.97823  

 

4.6 What are the Most Appropriate Techniques for Integrating the Vision Loss Algorithms 

within the Prototype Interface? 

Architects adopt solution-focused design strategies. In this study alternative design ideas are 

generated to adequately resolve design issues. In this study the researcher developed a 

prototype interface that can modify design representations of spaces to re-represent the design 

as seen by persons with central or peripheral vision loss. The researcher believes that this 
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would allow architects to re-evaluate their design decisions, better detect design flaws, and 

improve their design decision-making process. Kallie (2012), has suggested that an empirically 

validated desktop model adds more value over a physical environment for visibility testing. This 

includes the convenience of creating rapid novel scenes, object prototyping, and faster data 

collection. The major features included in the tool are algorithms to simulate central and 

peripheral vision loss and to create a partial walk through. Figure 4-20 shows the detailed 

design steps including the prototype DSS. 
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Figure 4-20 shows the detailed design steps including the prototype DSS 

 

The following sections elaborate on the rationales for the prototype development approaches 

used to integrate the vision loss algorithms within the prototype interface. 

DSS Prototype tool – iteration 1 

Design Representation (DSS Input)  

Development 
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4.6.1 Rationale for Not Developing a CAAD Based GUI Platform  

Architects typically use CAAD tools to develop design representations from initial design to 

construction documentation. The original research plan was to use a CAAD based platform to 

develop vision loss algorithms. This would be one step closer to making an interactive 

visualization system to represent spaces as seen by persons with vision loss. However, the 

researcher was not able to find precedents to support the development process. The researcher 

was not able use a CAAD based platform for software development purposes. Simulating 

photometric rendering that captures real lighting quality of the space is time consuming and will 

need greater computing power than what is currently available. For this research a simple, 

easily available software development platform was used to demonstrate the application of an 

actual DSS tool.   

 

4.6.2 Rationale for Selecting a Software Development Platform  

Some of the more familiar scripting tools are MATLAB, Python, and Mathematica. The 

researcher selected MATLAB as a platform to develop the mathematical models for the vision 

loss algorithms and Prototype GUI. Mathematica is used for conducting extensive calculations 

and simulations. However, it may not be an appropriate tool for image processing. Furthermore, 

the underlying code is not accessible in Mathematica; consequently, Mathematica was not 

selected to develop the mathematical functions. Python is another text-based scripting tool. 

Python is an easily available open source image-processing program and can support the 

development of the prototype GUI environment. Python has easy to use scripting alternatives, 

and large open source libraries in comparison to more complicated programming languages 

such as C++ or openCV. Expert software developers strongly recommend using Python for 

image processing. However, if one does not have prior experience with programming or with 

working with Python, it can be difficult for new users to develop a good GUI environment.  

 

MATLAB is a high-level scripting tool and an interactive environment for generating numerical 

computation, visualization, and programming. Additionally, MATLAB has many tools for image 

processing. MATLAB is one of the most widely used programming tools for creating GUI 

applications.  Its libraries are large and easy to use. With MATLAB one can analyze data, 

develop algorithms, and create models and executable applications (mathworks.com, 2015a). 
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The benefits of using MATLAB include solving problems while exploring multiple approaches, 

ease of interoperability, and reaching solutions faster than spreadsheets or traditional 

programming languages such as C/C++ or Java. Due to its capacity to handle large data sets, 

MATLAB can be useful for quantitative analysis of spaces based in the context of this research.  

 

MATLAB is easy to learn, but for best results one should understand programming and be able 

to write code. MATLAB is powerful and easy to use. MATLAB allows deployment to several 

embedded platforms, but it requires more specific hardware and software toolboxes, with 

corresponding licensing costs. The scope of GUI development using MATLAB is extremely 

limited. It is easy to perform simple operations, but to do anything more complex one would 

need to break into the undocumented Java internals. With Python, a first time user will find it 

hard to develop a GUI without experience. However, in the long run, it is worth the effort to 

switch over to Python. Python is portable and has a faster interface when compared to 

MATLAB. However, the researcher was able to find simple and easily understood libraries that 

were useful for developing a fuzzy version of the working prototype for this study.  

 

4.6.3 Precedent Supporting the Design and Development of the Decision Support 

System  

The researcher used the precedent Inclusive Design Toolkit (Persad et al., 2007) to inform the 

design and representation of the DSS prototype GUI. In their study “Characterizing user 

capabilities to support inclusive design evaluation,” Persad et al. (2007) has given an overview 

of the inclusive design toolkit and how it was developed to ensure usability, functional 

effectiveness, and quality of the simulations. The simulator is implemented in Adobe Flash, 

enabling the successful production of different versions, for different operating systems and the 

Internet. The simulator includes separate parts dealing with vision and hearing. Figure 4-21 

shows the GUI representation for the Inclusive Design Toolkit.  
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Figure 4-21: GUI representation for the Inclusive Design Toolkit (Inclusive Design Toolkit, 2015) 

 

This study also provided the researcher information on the GUI layout as well as about 

additional supporting components. For example, adding tabs with information on the particular 

vision loss conditions will help architects get a better idea of the functional visual loss and the 

repercussions for accessing spaces. These components make the GUI more functional.  

 

4.6.4 Literature Interpretation Studies on the Vision Loss Representations 

According to Varoquaux (2011), creating GUI before writing the callbacks of the graphical 

objects, causes a slow development cycle, as the workflow is centered on the GUI, and not on 

the code. This method is mostly used to find useful abstractions to allow developers to 

manipulate larger ideas, rather than provide successful software implementation (Varoquaux, 

2011). Therefore, the researcher first developed MATLAB mathematical functions for the central 

and peripheral vision loss as well as other auxiliary functions before designing the working 

prototype GUI. By doing this, the designs of the GUI callback functions were simplified. Some 

existing studies have elaborately discussed the creation of mathematical models for an overall 

loss of visual acuity. However, none of the existing studies show strong justification to show 

validation by vision research experts to claim that these models exactly simulate representation 

of the vision loss conditions.  

  

Kallie (2012), along with advisors Legge, Schrater, evaluated object visibility with simulated 

visual impairment using real and rendered scenes. In this study, a Gaussian low-pass filter was 

tested to find if it can provide a suitable model to represent the Bangerter occlusion foil goggles 
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and to replicate the pattern of results obtained in the physical experiment.  For improved 

modeling of visual impairment on the rendered scenes, Bangerter occlusion foil goggles were 

used. The Bangerter occlusion foils were generated based on the standard visual acuity charts 

based on Snellen letters (Beckmann et al., 2011; Peli et al., 1988). The point-spread function 

(PSF) of Bangerter occlusion foil goggles were photographically obtained and tested if it could 

replicate outputs similar to the physical objects results.  

 

However, the outcome of this study predicted that a simple pair of physical blurring goggles 

limits the low vision representation method using desktop modeling approach. In other words, 

the Bangerter blur foils simply cannot simulate a wide variety of visual impairments. The 

Bangerter blur model used during the study only tested a single prototype for the visual deficit. 

The filtration method developed during the study was modular, and the intention was that 

different blur, contrast, and field restriction models could be exchanged using the blur model 

prototype. In contrast to the study conducted by Kallie (2012), the researcher disputes the 

heterogeneous nature of vision loss. The vision conditions affecting the elderly persons are 

degenerative in nature; thus each person has a unique perception. It is hard to comprehend and 

or accurately perceive a vision loss condition. Visual perception and cognition is complicated 

and involves the brain processing information received through the eye. Trying to document or 

validate the exact vision condition would be easily falsified and futile.  

 

Thereby, the focus of this study was to re-represent architectural spaces to demonstrate the 

vision information loss for older persons with vision loss. The researcher referenced these 

studies to interpret techniques for developing vision loss re-representation algorithms. Kallie 

(2012) has developed the vision impairment masking algorithms for the MATLAB interface. This 

further confirms the researcher’s rationale for using MATLAB to develop vision loss algorithms. 

Kallie (2012), also emphasizes the difficulty of simulating contrast loss due to vision 

impairments. In the proceeding chapters, the researcher will discuss the process involved in the 

development of the mathematical functions for central and peripheral vision loss and the DSS 

prototype GUI.  
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4.6.5 Rationale for Simulation Technique: Central and Peripheral Vision Loss Algorithms 

Both central and peripheral vision loss causes loss of information in a particular region of the 

field of vision while the rest of the region may retain normal vision. Peripheral vision loss causes 

a gradual loss of visual information with increasing intensity towards the periphery while 

retaining central vision information. Central vision loss causes a progressive loss of visual 

information with increasing intensity towards the center while retaining the peripheral visual 

information. Simulating visual information loss only in a particular region of interest is more 

complicated than simulating uniform visual information loss. The researcher tried to 

accommodate for the following factors in the algorithms to appropriately represent low vision 

conditions: 

 To create loss of vision in a particular region of interest. 

 To create gradual vision loss across the visual field. 

 To create partial blur in a portion of the remaining vision. 

 To create a method to simulate scotomas or blind spot s. 

  

4.7 Conclusion of the Prototype Design 

Even though the researcher began the study of logical argumentation as the first phase, the 

researcher confirmed existing rationales and gathered new rationales in all stages of the study. 

Each phase made the researcher question the previous rationales. However, this prototype tool 

is not the answer to all problems and rationales identified in the proceeding phases. The 

Chapter Five on prototyping will explicitly cover the steps involved in development of the DSS 

prototype. 
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Chapter 5: Prototyping Process (Development of the Prototype 

Person-centered Design Decision Support System) 
 

5.1 Prototype Development  

As mentioned in the Section 1.3.2, one objective of this study is to examine the possibilities of 

adopting age-related vision impairments for developing a prototype tool that can re-represent 

spaces during the early stages of the design process. Consequently, the study involved 

developing a prototype decision support prototype tool that can help architects make better 

decisions when designing spaces for older persons with vision loss. To meet this objective, the 

first phase of this study entirely focuses on the processes involved in the development of the 

prototype tool. Figure 5-1 shows the detailed overview of the processes involved in the 

development of the prototype in this study.  

 
 

Figure 5-1: Detailed overview of the prototype development process 
 

The stakeholders in the prototyping process include the Center for High Performance 

Environments (CHPE; customer), the researcher of this dissertation (developer), and the 

member checking research participants (end users). Literature interpretation and interviews with 

end users were used to define the essential features of the prototype tool, as follows. 1.) To re-

represent architectural spaces as seen by older persons with vision loss 2.) To develop a 

prototype tool to support decision-making during the early design phases. 3.) To use partial 

walkthroughs to understand user accessibility when designing spaces for older persons with 

vision loss. For these purposes the researcher built a quick design prototype model that was 

beta tested by expert professionals during the second phase (qualitative research) of the study. 

In this chapter the researcher elaborates on the design process that was involved in developing 

the working prototype design decision support (DDS) tool. Figure 5-2 shows the evolutionary 

prototyping process used in this study as adopted by Pressman (2010).  
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Figure 5-2: Evolutionary prototyping process adopted by Pressman (2010) 

 

The prototyping software engineering evolutionary process adopted by Pressman (2010) was 

conducted in a series of five cyclic steps: 1) communication, 2) quick plan, 3) modeling/quick 

design, 4) construction of prototype, and 5) delivery, deployment, and feedback. The activities 

are applied iteratively as the project progresses; that is, the process is applied repeatedly 

through a number of project iterations. Each cycle produces a software increment with a subset 

of overall software features and functionality. As each increment is produced the software 

becomes more and more complete.  

 

In the beginning, the researcher was unsure of the efficiency of the algorithms, the adaptability 

of an operating system, and the form that human-machine interaction should take. Under such 

circumstances as recommended by Pressman (2010), a prototyping paradigm offered the best 

approach. The prototyping paradigm is used to better understand what is to be built when 

requirements are fuzzy. The first iteration of the working prototype DSS tool was developed 

during this study. Furthermore, the researcher used this working prototype DSS model to 

demonstrate its usability among expert professionals and gathered more information to enable 

the development of a successful future DSS application. The prototype development process is 

divided into the following three prototyping cycles.  

 Prototyping Cycle 1 focused on developing a preliminary vision impairment algorithm and a 

quick DSS GUI representation. Prototyping Cycle 1 is further subdivided as follows: 

– Communication: The Communication process involved strategizing the preliminary 

objectives and requirements for developing the prototype DSS with a faculty 

researcher. 

– Quick Plan: Quick Plan involved developing activity maps and sequence maps to 

guide the prototype development process. 
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– Modeling Quick Design: Unified Modeling Language (UML) and mockup GUI models 

were used to get better understanding of factors such as software requirements and 

design of the prototype model. 

– Construction: The 1st iteration vision loss simulations and the 1st and 2nd iterations of 

the DSS GUI model were developed. 

 

 Prototyping Cycle 2 focused on conducting member checking which involved gathering 

feedback and recommendations based on the preliminary vision loss representation and the 

DSS features. Prototyping Cycle 2 is further subdivided as follows: 

– Communication (Member checking: Round 1 – Architects): Ph.D architecture student 

evaluated first DSS GUI model and vision loss representations. 

– Quick Design and Construction: The 3rd iteration DSS GUI model and the 2nd and 3rd 

iterations of vision loss simulations were developed. 

 

 Prototyping Cycle 3 focused on the process used to construct the working prototype DSS 

model. Prototyping Cycle 3 is further subdivided as follows: 

– Member Checking: Round 2 – Architects: 3rd iteration DSS GUI and 2nd and 3rd vision 

loss representations were evaluated by the same set of architects as round 1. 

– Member Checking: Round 2 – Vision Experts: The 4th and 5th iteration for vision loss 

algorithms were developed based on suggestions provided by vision experts. 

– Prototyping Cycle 3: Prototype Revision and Working Prototype Construction 

The fourth iteration of the working prototype tool was developed. 

 

In the following sections of this chapter, each prototyping cycle will be discussed in detail. 

Furthermore, features of the working Person-centered Design Decision Support System (PCDD) 

prototype model will be presented at the end of this chapter.  

 

5.2 Prototyping Cycle 1 

5.2.1 Prototyping Cycle 1: Communication  

In order to strategize the preliminary objectives and requirements for developing the prototype 

DSS, the researcher started communicating with a faculty researcher from the CHPE in early 

2012. Literature interpretation was used to gather preliminary requirements and rationales to 
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formulate the DSS features and functions. Chapter Four: Logical Argumentation provides initial 

rationales and assumptions used for developing the prototype tool. The data gathered through 

logical argumentation and feedback from the CHPE faculty researcher was used to develop an 

initial objective for the development of the prototype DSS model. The prototyping process 

involved the design and development of an initial quick and fuzzy model that could demonstrate 

a few functionalities of the proposed prototype DSS. The lessons learned from the development 

of the fuzzy model can be used to design the future DSS system. The working prototype was 

built as a standalone application and distributed among expert professionals during the beta 

testing process. The successful installation of the application on individual desktop systems was 

the first step in the beta testing process.  

 

The researcher had limited programming skills. The researcher anticipated that the amount of 

time required for learning programming would extend the research timeline. Consequently, a 

quick design prototype model was developed to demonstrate the application of the low vision 

representations for making early design decisions. Corresponding to the initial objective, the 

following design techniques were used to integrate the vision loss algorithms within the DSS 

prototype interface: 

 Use established precedents on methods to represent central and peripheral vision loss as a 

baseline to develop the initial vision loss algorithms. 

 Develop an approximate 2D representation to demonstrate the loss of central and peripheral 

vision (what one can and cannot see due to the loss).  

 Demonstrate the use of partial walkthroughs to better inform user accessibility issues when 

designing spaces for older persons with vision loss. 

 Demonstrate the vision loss progression. 

 Allow quick re-imagination of spaces. 

 Use image processing techniques such as Gaussian filters to create the vision loss 

mathematical functions. 

 Apply the vision loss algorithms through scripting tools that are relatively easy to use. 

 

To effectively develop the DSS prototype tool, the whole prototyping process was reduced into 

manageable pieces and thereby divided into three cycles. The data gathered from each cycle 

informed the prototype development process in the following cycles. The primary goal of the 
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Prototyping Cycle 1 was to develop a preliminary vision impairment algorithm and quick design 

decision support. Because, currently, there are no references of a design DSS tool that can be 

used to re-represent architectural spaces for older persons with vision loss; the secondary goal 

of this study was as follows: 

 To develop a presentation that demonstrates the application of the vision loss 

representation for older persons with central and peripheral vision in a quick design DSS  

 To develop a presentation that demonstrates the application of partial walkthrough to 

better inform user accessibility issues when designing spaces for older persons with 

vision loss 

 To develop a demonstration of the prototype DSS GUI that may be distributed to end-

users.  

 

5.2.2 Prototyping Cycle 1: Quick Plan  

In order to simplify the prototype development process, the researcher developed an activity 

map and a sequence map to guide the prototype development process. These maps helped the 

researcher during the prototype development process to do the following: 

 To define technical tasks.  

 To eliminate likely risks.  

 To get better understanding of the resources required. 

 To schedule the sequence of prototype development processes.  

 

Figure 5-3 shows the activity map to guide the Prototyping Cycle 1.  Figure 5-4 shows the 

sequence diagram for conducting the Prototyping Cycle 1.  
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Figure 5-3: Activity map to guide the Prototyping Cycle 1 Preliminary Prototype DSS Design 
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Figure 5-4: Prototyping Cycle 1: Sequence Map  

 

In order to fulfill the objective and requirements mentioned above, it is important to gather 

detailed information on the low vision conditions, design decision-making process, and the 

software operations. The researcher used literature interpretation of available data sources and 

previous research studies to set the initial design parameters for the prototype tool. Chapter 

Four contains detailed discussion on the technical tasks, likely risks, resources required, and 

work products to be produced. The initial rationales from literature interpretation were used to 



134 

 

develop the preliminary design of the vision information loss algorithm for the central and 

peripheral vision loss and a quick design DSS GUI model. The secondary goal of Prototyping 

Cycle 1 was to develop demonstration representations of the vision loss algorithms and the DSS 

model that was provided to the end users during Prototyping Cycle 2, Communication Using 

Member Checking. The following phases will discuss the activities shown in the map in detail. 

 

5.2.3 Prototyping Cycle 1: Modeling Quick Design  

Quick design models were created to fulfill the following software needs: 

 To get better understanding of the requirements for building the prototype. 

 To design simple and fuzzy representations of software functions, features, and behavior 

of the system. 

 To satisfactorily represent certain aspects of the software that will be visible to end users 

such as human interface layout and output display formats.  

 To recognize software building constraints.  

 

Two classes of models were created, requirements models and design models. The 

requirements models represented initial requirements, such as defining the functions of the 

software. The design models represented characteristics of the software to be produced. Unified 

Modeling Language (UML) and mockup GUI models were used to sketch the details in an effort 

to better understand the software requirements, design, and structure of the working prototype 

model. Figure 5-5 shows the software requirements and functions considered for this study.  
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Figure 5-5: Software requirements and functions 

 

New models were created for each cycle in order to keep an up-to-date account of the design 

changes. During the member checking phase the DSS models and vision loss representations 

were reviewed by architects and vision experts. The first quick design models for the vision loss 

algorithm and the DSS GUI are explained in detail below.  

 

Modeling Vision Loss Representations 

Section 4.3 gives more detailed narration on determining the nature of the vision loss conditions. 

It was difficult to establish the exact nature and representation of the vision loss conditions due 

to inconsistencies across existing data resources during the logical argumentation study. The 

objective of the prototyping phase was to examine the possibilities of adopting age-related 

vision impairments for developing a prototype tool that can re-represent spaces during the early 

stages of the design process.  

Design Constraints: It is important to build exact mathematical models for representing vision 

loss conditions. However, the main aim of this study was to find a method to use vision loss 

representations to distinguish proscriptive decisions when designing spaces for older persons 

with vision loss. Consequently, during the prototyping process, the researcher examined 

existing image processing scripts that were modified to most appropriately represent the vision 

loss conditions.  
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Design Considerations: Algorithms for the two conditions, central vision loss and peripheral 

vision loss, were developed during the prototyping process. Prototyping Cycle 1 was the first 

attempt at designing the vision loss algorithms. The main objective during this cycle was to use 

available literature sources and existing models to develop the vision loss representation. 

Goodman-Deane et al. (2011), have given an overview of a vision simulator tool called Inclusive 

Design Toolkit, developed to produce images of vision loss representation. These output images 

were particularly useful in presentations for education purposes and to show designs to clients.  

The tool simulates a range of vision impairments: macular degeneration, diabetic retinopathy, 

glaucoma, retinitis pigmentosa, color blindness, cataracts, and short and long sightedness. This 

tool was developed using systematic software engineering steps that included four main rounds 

of development and usability testing. The accuracy of vision simulations were tested and 

improvised based on recommendations from four experts: a consultant optometrist, a professor 

of visual rehabilitation, a professor of optometry, and a senior lecturer in optometry. The vision 

experts evaluated vision loss parameters such as degrees of blur and the end-points of the 

vision loss intensities.  

 

The proposed prototype is comparable to the Inclusive Design Toolkit in many ways. Both the 

tools are aimed towards re-representing special representations as seen by persons with vison 

loss. There are many similarities between the prototype development approaches. Therefore, 

the work of Goodman-Deane et al. (2011) was a useful precedent to develop the central and the 

peripheral vision loss algorithms. Even though the Inclusive Design Toolkit was a good 

reference point to understand the simulations of the central and peripheral vision loss condition, 

however, it could not be directly used as a design assistance tool for this study. The toolkit did 

not satisfy all the requirements for application within an architectural design process. More than 

a design assistance tool, the Inclusive Design Toolkit is an impairment simulator. The toolkit 

introduction suggests that the purpose of the simulator was “to help people better empathize 

with those who have reduced capability and to help understand how capability loss affects the 

ability to interact with products, and everyday services” (inclusivedesigntoolkit.com, 2015). 

However, one of the research objectives was to understand the usability of the prototype tool 

particularly to improve architect’s decision making when designing spaces for persons with 

vision loss.  
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The researcher required some control over the simulator’s software coding system, in order to 

deploy the functionalities of the Inclusive Design Toolkit appropriately into the study. Both the 

web based toolkit and the standalone application was protected and consequently, it was 

difficult to comprehend the mathematical models and mechanics used behind the development 

of the vision loss overlay or the prototype DSS model. The researcher found inconsistencies in 

the data ranges particularly the minimum and maximum slider end points that were used to 

demonstrate the vision loss progressions as opposed to the rationales discussed in Section 4.4. 

The simulator could only be used for limited types and sizes of 2D representations. For 

example, the simulator was unable to accept photometric HDR image files. HDR images are 

typically used during the lighting design process and not being able to work with this kind of 

representations was considered as a major disadvantage for usability during the design 

process. The mathematical algorithms were designed to correctly represent the progression of 

the vision loss conditions only for images sized 620 by 465 pixels, notwithstanding to this 

created misinterpretation of the vision loss simulation. Consequently, the simulator required 

users to resample their images to 620 by 465 pixels before loading them onto the simulator 

(inclusivedesigntoolkit.com, 2015). 

 

The demonstration of the simulator’s morphing functionalities showing design variations for 

everyday products such as microwaves and the layout of ticketing machines were in context for 

this study. However, this functionality was only used as a demonstration on a few preselected 

image representations and was meant to generate empathy among people 

(inclusivedesigntoolkit.com, 2015). The function was deactivated for user generated image 

uploads; designers would not be able to use this functionality to test their own design scenarios. 

Due to these limitations the researcher was not able to use the Inclusive Design Toolkit directly 

for this study. However, the researcher used this tool as a case study precedent to inform the 

nature of vision loss representations and the development of proposed prototype design 

assistance tool. Figure 5-6 and Figure 5-7 show the representations for central and peripheral 

vision loss from the Inclusive Design Toolkit, respectively (Goodman-Deane et al., 2011; 

inclusivedesigntoolkit.com, 2015). 
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Figure 5-6: Central vision loss representation adopted from the Inclusive Design Toolkit (Goodman-Deane 

et al., 2011; inclusivedesigntoolkit.com, 2015) 
 

 
Figure 5-7: Peripheral vision loss representation adopted from the Inclusive Design Toolkit (Goodman-

Deane et al., 2011; inclusivedesigntoolkit.com, 2015) 
  

These representations were used to guide the researcher formulate the nature of vision loss 

representations during the prototyping process. As stated in Section 4.6.2, MATLAB was 

selected as an appropriate system to develop the vision loss algorithms and the GUI model for 

the study. Some of the early software development requirements considered during the 

Prototyping Cycle 1 are as follows: 

 To use 2D images of CAAD rendered 3D scenes as a baseline input file. 

 To develop vision loss algorithms capable of altering high dynamic range (HDR) as well 

as low dynamic range (LDR) images. 

 To examine existing MATLAB image processing scripts to develop appropriate vision 

loss algorithms.  
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MATLAB helped customization of the vision loss algorithms and automation of DSS prototype 

functions. Based on the above mentioned requirements, the researcher examined existing 

MATLAB scripts and modified them to generate central and peripheral vision loss image 

representations. Figure 5-8 shows the quick design model for designing the vision loss 

algorithm.  

 

 
Figure 5-8 Quick Design Model of Vision Loss Representation  

 

For the first iteration of central and peripheral vision loss representation, filtering functions were 

applied to a region of interest (ROI) in a selected image. The detailed construction process will 

be explained in the section on Prototyping Cycle 1: Construction. 

 

Modeling Prototype Graphic User Interface (GUI)  

In order to design the DSS model it was essential to find how and where the DSS functions 

assist decision-making in the architectural design process. Therefore, the first step of the quick 

design was to place the prototype tool within the design process. Section 4.1 elaborates the 

rationales for introducing the prototype tool within the design process. Figure 5-9 shows the 

activity map of the proposed design process with the initial proscriptive DSS tool.  
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Figure 5-9: Activity map - Proposed design process with an initial proscriptive DSS tool 
 

The vision impairment simulator or the Inclusive Design Toolkit was a useful precedent in 

developing the prototype GUI (Goodman-Deane et al., 2011). The Inclusive Design Kit is shared 

on a web platform as well as a standalone application that can be downloaded from the server. 

The researcher examined the Inclusive Design Toolkit UI features as well as its organization 

when designing the DSS. The mathematical models used for the inclusive design toolkit are not 

available. Consequently, the researcher used personal experience to construct the prototype 

tool. Figure 5-10 shows the Inclusive Design Toolkit GUI representation that was referenced 

during this study (Goodman-Deane et al., 2011). Figure 5-11 shows the organization and the 

GUI features of the Inclusive Design Toolkit.  

 

[No] 

[No] 

[No] 

[Yes] [No] 
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Figure 5-10: Representation of the Inclusive Design Toolkit GUI (Goodman-Deane et al., 2011) 

 

 
Figure 5-11: Inclusive Design Toolkit | GUI Organization and Features (Goodman-Deane et al., 2011) 

 

The Inclusive Design Toolkit GUI representation, organization, and features were reused to 

formulate the DSS GUI during the prototyping process. Figure 5-12 shows the sketch of the 

DSS callback functions proposed in the Prototyping Cycle 1.  
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Figure 5-12: Sketch of the DSS callback functions during Prototyping Cycle 1 

 

The first mockup of the DSS platform was used to demonstrate proscriptive decision-making 

capacity when designing spaces for older persons with vision loss. The researcher used 

personal experience and user feedbacks to alter the GUI features and organization. Section 4.5 

demonstrates the prototype components to better assist during the design process. For this 

study some of the GUI functions were examined in greater detail in comparison to others; the 

following three major DSS click and drag functions have been studied in detail.  

 Slider callback function used to represent spaces for progression of central vision loss.  

 Slider callback function used to represent spaces for progression of peripheral vision loss. 

 Button callback function to create partial animation of spaces. 

 

Figure 5-13 shows the detailed sequence map of the functions related to vision loss progression 

used in the DSS tool during the Prototyping Cycle 1.  
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Figure 5-13: Sequence map – Functions related to vision loss progression used in the DSS tool - 

Prototyping Cycle 1 
 

Section 4.6.2 elaborates on the DSS inputs and the requirements for designing the standalone 

GUI platform. Figure 5-14 shows the activity map for developing a DSS input file for existing 

projects and new construction projects.  
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Figure 5-14: Activity map - Preparing DSS input file for renovation projects & new construction projects 
 

The following section will elaborate on the construction of the first iteration of the low vision 

algorithms and on a DSS mockup using the activity and sequence maps. 

 

5.2.4 Prototyping Cycle 1: Construction  

The DSS system was composed of a group of functions. However, this study particularly 

focuses on developing the vision loss functions. Existing MATLAB scripts were reused to build 
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most of the DSS functionality. Algorithms for the callback functions were assembled together 

into a standalone DSS prototype platform.  

 

Construction of 1st Iteration of Central and Peripheral Vision Loss Simulations 

In this study the term “simulation” refers to the process used to deform an image by removing 

visual information that is invisible to the person with vision loss. In this chapter, the process 

involved in developing simulations of an appropriate degree of image degradation has been 

discussed. The researcher intends to use these image degradations to reflect the visual 

limitations and information lost by older persons with central or peripheral vision loss. The 

simulations can be used by architects to get a good impression of the spatial information 

available to persons with vision loss. But the simulations do not seek to visualize how persons 

with vision loss perceive the world.  These simulations were demonstrated to architects to learn 

if the viewing strategies can be used to inform decision-making when designing spaces for older 

persons with central or peripheral vision loss.  

 

The first proposal for simulating central or peripheral vision loss representations was to find 

functions that can modify the central or the peripheral portion of an image by altering its graphic 

quality. In addition to this, for each case, the remaining portion of the image was to be left 

unaltered. Conceptually, for creating a vision loss representation, the researcher started by 

defining a region of interest (ROI) in an image and then filtering the ROI using a Gaussian 

function. Figure 5-15 shows the activity map of the first iteration of the central and peripheral 

vision loss functions.   
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Figure 5-15: Activity map of the central and peripheral vision loss functions | 1st iteration  

 

The researcher used MATLAB 2015a software to develop the DSS prototype tool. Before 

developing the vision loss algorithms, the researcher looked for existing codes that can be used 

to process HDR images. HDR images are m-by-n-by-3 single or double array. HDR’s scene-

referred dataset values are scene illumination measured in radiance units. In MATLAB 2015; 

hdr = hdrread(filename) is used to read HDR images from the file specified by filename 

(mathworks.com, 2015). Hdrread uses gamma-corrected single exposure images to view HDR 

images but they do not permit the large range luminance in an HDR image to be properly 

viewed. HDR files used in this study are uncompressed radiance files generated from Radiance 

rendering tools and are composed of large luminance range (Banterle et al., 2011). For this 

study the HDR toolbox function hdrimread(filename) has been used to compress large 

luminance values of HDR images and to visualize them on LDR monitors. The HDR toolbox is 

made of a series of tone mapping functions to display the right HDR scenes on LDR monitors. 
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Figure 5-16 shows the algorithm applied to create central and peripheral vision loss image 

representations. The following steps were used to create the first iteration of the vision loss 

representation:  

 

Step 1: A region of interest (ROI) based processing was used to restrict part of the image. In the 

example shown in Figure 5-13, a circle was created in the center of the image using the code (h 

= imellipse(hparent, position)).  

Step 2: To render a central vision loss representation, a masking function was applied on the 

image with the ROI. The inverse of this masking function was used to render peripheral vision 

loss representation.  

Step 3: The image was modified using a simple Gaussian blur filtering function, ‘imfilter’. Input 

values were modified to simulate different intensities of the blur.  

Step 4: The function bsxfun was used to add an array of the filtered image on to the ROI binary 

for central vision loss and in the case of peripheral vision loss, this function was used to add an 

array of the filtered image on to the inverse of the binary.  

Step 5: The zero values in the image were replaced with the original image.  

 

 
Figure 5-16: Algorithm steps for creating central and peripheral vision loss image representation 

 

These vision loss representations were evaluated and revised based on the user feedback 

received during the Prototyping Cycle 2. 

 

Define Region of Interest (ROI) Blur Filtering Image 

Apply Binary outside ROI to 

simulate Central Vision Loss 

Replace Binary with original image 

Central Vision Loss 

Replace Binary with original image 

Peripheral Vision Loss 

Apply Binary outside ROI to simulate 

Peripheral Vision Loss 



148 

 

Construction of the 1st and 2nd Iteration of the DSS GUI Model 

During the Prototyping Cycle 1, two mockup DSS models were constructed. The models were 

evaluated during the prototyping member checking process. The DSS model was revised and a 

working prototype DSS was built based on the feedback during Prototyping Cycle 2. The DSS 

mockups were constructed on an open source GUI prototyping tool called Pencil Project 

(pencil.evolus.vn, 2012). The researcher used design experience and knowledge of the 

literature to build the DSS mockup. The following basic criteria were used to design the initial 

prototype GUI.  

 GUI is easy to use.  

 User requires minimum learning curve to use the GUI.  

 Vision impairment functions require minimum computation and flexible operations.  

 Command-line running the functions must be initiated on simple click and drag operations.  

 Tabs or panels must be used to control and segregate operations.  

Figure 5-17 shows the design mockup of the first iteration of the DSS. Individual tabs of the first 

iteration of the DSS tool are presented in the Appendix A. 

 

 
 Figure 5-17: Design mockup of first iteration of the DSS 

 

The basic idea of the study was to build a DSS tool that can help ensure that architects can 

identify design features to satisfy or improve the functional needs and accessibility of older 

persons with central or peripheral vision loss. Persons with vision loss have some remaining 
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functional vision. Though treatment of low vision is a medical issue, assuring optimal access to 

the built environment for persons with vision impairment is a design issue. Visual cues play a 

major role in architectural and interior design to improve accessibility (LVDP_NIBS, 2015). For 

example, lack of clarity in visual cues or any defects in the interpretation or comprehension of 

the environment can reduce ability to understand or to safely navigate the environment. Quality 

of the visual environment such as balanced luminance and low glare, color, and light contrast 

must be considered to design safe and accessible spaces.  

 

The National Institute of Building Sciences (NIBS) has developed open source design guidelines 

for the Visual Environments Low Vision Design. The Illuminating Engineering Society has 

developed guidelines called “Recommended Practice for Lighting and the Visual Environments 

for Senior Living (ANSI/IESNA RP-28-07, 2007).” The aim of this study is to design a prototype 

tool that supplements these design guidelines. Additionally, there are no tools to detect design 

shortcomings early in the design process. It is difficult to find metrics to quantitatively measure 

environmental cues suitable for older persons with vision loss. Consequently, the prototype tool 

was designed to demonstrate proscriptive decisions when designing environments for older 

persons with vision loss. Some of the click and drag functions used in the early prototype GUI 

during the Prototyping Cycle 1 are as follows:  

 To use real world lighting rendered images as DSS input files to represent vision loss 

conditions. The researcher used DSS input based renderings that were developed during 

the pilot case study as mentioned in Section 4.5.7.  

 To use literature knowledge to demonstrate progression of the vision loss conditions with the 

help of a slider tool to alter degrees of loss, contrast, and blur. 

 To display the vision loss progression interactively on the GUI.  

 To conduct proscriptive comparison of low vision representations for alternative design 

cases to assist decision-making when designing spaces for older persons with vision 

impairment.  

 To save vision loss representations for future reference. 

 To create partial animation files by combining multiple frames of 2D scenes. 

 To perform quick design tweaks on the environmental renderings. Quick design tweaks save 

time and effort of building 3D models of multiple design alternatives. It lets architects 
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understand the implications of changing design factors such as contrast and brightness, 

glare, luminance, and color levels with little effort 

 To share knowledge and data resources about the central and peripheral vision loss 

conditions affecting older persons with vision loss. 

 To share knowledge and data resources about the design guidelines when designing 

spaces for older persons with central and peripheral vision loss. 

 

Based on personal experience, an alternative to the first iteration of the prototype DSS was 

designed at the end of Prototyping Cycle 1. The functions performed during the second iteration 

were similar but were more detailed. The organization of the functions was more compact. 

Figure 5-18 shows the second iteration of the DSS mockup. Only the first tab of the DSS 

mockup was built. To get a better sense of the workflow, the vision loss progression and the 

animation functions were laid out in much more detail compared to the first iteration. 

 

 
Figure 5-18: 2nd iteration of the DSS mockup 

 

The following sections elaborate on the next steps in the vision algorithm and DSS development 

cycles.  
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5.3 Prototyping Cycle 2  

According to Turban et al. (2007), users, customers, and managers should be involved in every 

phase and iteration of the software development process. Pressman defined a customer as the 

person or group who requests objectives for the software, provides basic product requirements, 

and coordinates funding for the project. Pressman (2010) also defined an end user as the 

person or group who will actually use the software that is built to achieve some business 

purpose and will define operational details of the software so the business purpose can be 

achieved. Consequently, a member checking study involving selected experts with experience 

in the design field was conducted during Prototyping Cycle 2. Figure 5-19 shows the Prototyping 

Cycle 2 process and Figure 5-20 shows the Prototyping Cycle 2 sequence map. 
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Figure 5-19: Prototyping Cycle 2 Process 
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Figure 5-20: Prototyping Cycle 2 Sequence Map 

 

5.3.1 Prototyping Cycle 2: Communication  

Before customer requirements can be analyzed, modeled, or specified they must be gathered 

through the communication activity. Quickly designed 1st iteration DSS GUI and the vision loss 

algorithms were evaluated by potential users and stakeholders. A stakeholder is anyone who 

has interest in the successful outcome of the project. Stakeholders can be end users, software 

engineers, and support people, among others. The assumption of the study is that the Center 

for High Performance Environments (CHPE) is the primary customer of the DSS prototyping 

project. The potential end users of the low vision DSS framework may include architects, design 
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researchers, lighting designers, and interior designer. The end users were also extended to 

include vision science experts who uncover facts and easier solutions and remove errors to 

better represent central and peripheral vision loss conditions applicable for design decision-

making. In addition to the study objective and requirements, it was important to gather detailed 

information about software operation from potential users of the DSS. The communication 

process involved the following steps (Pressman, 2010): 

 Identifying GUI data functions and features to support decision-making when designing 

environments for older persons with vision loss. 

 Finding easier solutions to represent central and peripheral vision loss conditions applicable 

for design decision-making?  

 Accessing potential risks affecting prototype outcomes and quality. 

 Uncovering and removing errors before the next prototype development activity.  

 Exploring stakeholder’s experience on using or developing existing software with similar 

functions and features. 

 Designing simple more easily understood and easily maintained system.  

 Finding stakeholder opinions on the value of the proposed GUI system for improving 

decision-making when designing spaces for older persons with vision loss.  

 

Two rounds of face-to-face, semi-structured, open-ended interviews were conducted during the 

prototyping process. Semi-structured interviews are flexible; the interviewer has a certain 

amount of room to adjust the sequence of the questions and to add questions based on 

participant responses (Zhang & Wildemuth, 2009). Fellow Ph.D. students from the Design 

Research program were approached to evaluate the first iteration of the prototype GUI layout 

and components. To have them participate in prototype DSS development, the researcher 

followed Virginia Tech Internal Review Board (IRB) approved procedures to conduct research 

involving human subjects.  

 

According to Rossman and Rallis (2003), every federally-funded university and organization 

tends to have an Internal Review Board (IRB), which reviews all proposals, codifies rules, and 

establishes procedures for research involving human subjects. The IRB works to ensure that no 

humans or animals are put at risk and that particular research proposals contain necessary 

protections. Virginia Tech is one of the universities that use the IRB. Consequently, this study 
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follows the rules and procedures defined by the Virginia Tech’s IRB to ensure that the 

implemented data-gathering techniques are ethical and appropriate for the purpose of this 

study. 

 

The member checking study directly involved human subjects. Therefore, it was important to 

obtain approval for research protocol and supporting documents from the Virginia Tech IRB 

before conducting the study. To receive IRB approval, researchers participated in IRB training 

concerning the protection of human subjects. After completing the training, the approval request 

was submitted via the IRB Protocol Management system provided by the IRB. For this study, a 

set of proposed documents including research protocol, consent form, recruitment letter, and 

interview questions were submitted via the IRB Protocol Management system. After the 

submission, there was a response from an IRB officer asking for a few changes in the proposed 

documents. Based on the IRB officer's suggestions, the documents were edited and resubmitted 

to the IRB Protocol Management system. The documents approved by the IRB are provided in 

Appendix B. 

 

After the IRB approved the study, the researcher presented the overview of the research at a 

Ph.D. colloquium. Ph.D. students pursing research in the field of architecture design and 

research at Virginia Tech attended the colloquium session. The students had expert knowledge 

in architectural design, developing DSS maps, decision trees, and frameworks to support 

decision-making during the early architectural design stages. Verbal invitation was conducted 

after demonstrating the research summary. An e-mail invitation and consent letter was sent out 

to volunteers who showed interest in participating in the study during in-person communication. 

A 45 minute long, one-on-one evaluation interview was conducted face-to-face with eight 

experienced Ph.D. students; the nature of the questions was open ended. Each interview was 

around 45 minutes and was conducted at the convenience of the interviewee at Virginia Tech.  

 

The participating Ph.D. students had 2-10 years of professional design experience and from 3-

10 years of research experience. Purposeful sampling method, suggested by Patton (1989, 

cited by Seidman 2006), was used to select the participants. The maximum range of participant 

settings/contexts can be defined based on their experience developing design DSS process 

maps and research experience with designing spaces for older persons with or without vision 
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loss. Based on maximum variance sampling the participants were divided into four categories 

as shown in Figure 5-21. Group A and B demonstrated high and low experience developing 

design DSS maps, respectively, and low and high experience designing spaces for older 

persons, respectively. Group C and D demonstrated high and low experience developing DSS 

process maps and low and designing spaces for older persons, respectively. 

 
Figure 5-21: Maximum variance sampling of member checking participants  

 

Within this group, the student interviewees specialized in the following categories: 

 Student Interviewee 1 (SI1): The interviewee has more than 5 years of professional design 

experience and more than 5 years of design research experience. The interviewee’s 

research focused on developing a design decision-making framework for automation for 

construction projects. 

 Student Interviewee 2 (SI2): The interviewee has less than 5 years of professional design 

experience and more than 5 years of design research experience. The interviewee’s 

research focused on developing a design decision-making framework for net-zero energy 

building design. The interviewee is currently working for a sustainability analyst.  

 Student Interviewee 3 (SI3): The interviewee has a few of professional design experience 

and around 5 years of design research experience. The interviewee’s research focused on 

developing an early design decision-making tool to evaluate daylighting for visual comfort.  

 Student Interviewee 4 (SI4): The interviewee has couple of years of professional design 

experience and around 3 years of design research experience. The interviewee’s research 

focused on understanding early design decision-making for design of intergenerational 

facilities. 
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 Student Interviewee 5 (SI5): The interviewee has more than 5 years of professional design 

experience and more than 5 years of design research experience. The interviewee’s 

research focused on developing early design decisions for developing kinetic shading 

systems and external building facades. The interviewee is also working as an assistant 

professor of design. 

 Student Interviewee 6 (SI6): The interviewee has around 10 years of professional design 

experience and around 5 years of design research experience. The interviewee’s research 

focused on developing an educational framework for green building design application in 

Saudi Arabia. 

 Student Interviewee 7 (SI7): The interviewee has around 5 years of professional design 

experience and more than 3 years of design research experience. The interviewee’s 

research focused on gathering design criteria for urban design factors such as smart growth 

and transit-oriented redevelopment.  

 Student Interviewee 8 (SI8): The interviewee has more than 5 years of professional design 

experience and around 10 years of design research experience. The interviewee’s research 

focused on developing a DSS prototype tool integrating building sustainability and Building 

Information Modeling systems. Currently the SI8 is professionally developing DDS systems 

for roofing systems.  

 Researcher’s Background: To identify any potential bias in the scope of research, a brief 

discussion of the researcher’s background is offered here. The interviewee has 

approximately 5 years of professional design experience and around 10 years of design 

research experience. The researcher has practiced three years of architectural design in 

India (2003-2006). The researcher has also practiced as a sustainable designer, energy 

analyst, and performance design specialist while working for the well-known architectural 

firm, and consulting firm in the United States (2003-2006). The researcher has considerable 

experience designing for human comfort in indoor and architectural environments. For DSS 

design and development, it should be noted that the researcher was not very proficient in 

programming languages and software development environments at the time of the 

research. However, the researcher gained substantial knowledge of the design of DSS tools 

and software development while conducting the research. The researcher had no prior 

experience with the design and development of commercial proprietary DSS applications. 

Thus, the development of a prototype DSS was not affected by any prior familiarity with any 
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particular programming language, software development environment, or proprietary DSS 

application. It is believed that these circumstances lend a degree of neutrality to this 

research effort. 

 

5.3.2 Member Checking Process: Round 1 - Architects 

The first round of interviews (member checking 1) focused on evaluating the 1st and 2nd iteration 

of the DSS GUI mockup and the initial vision loss representations produced during the 

Prototyping Cycle 1. To facilitate communication and to provide clarity, the researcher provided 

the research participants with information about research in general and the demonstration of 

the 1st iteration models as seen in Appendix A. The researcher produced the following 

demonstrations to facilitate the communication.  

 Presentation on the background of the study 

 Proposed design process 

 Central Vision Loss Representation 

 Peripheral Vision Loss Representation 

 1st Iteration of the DSS GUI mockup 

 2nd Iteration of the DSS GUI mockup  

 Application of DSS GUI on current design platform for new construction and existing 

renovation project (Chapter Four, Figure 4-12). 

 

This study used in-depth interviews as a means to collect data about the prototype operations 

and vision loss representations. The interviews were conducted in the form of face-to-face 

meetings at locations convenient to the participants. Prior to the interviews, the research 

participants were provided with the IRB approved consent forms and a 5 minute short survey to 

obtain the interviewee’s background information. During the interview the researcher began by 

presenting the research in general and asking introductory questions to understand the 

interviewee’s knowledge of and opinion about the research. To provide more clarity to the 

interviewee, questions related to individual topics were presented with supporting documents 

mentioned above. The participants were encouraged to answer the interview questions, which 

can be found in Appendix B. The participants were also provided with brief answers to any 

questions they may have had concerning the study without causing biases to influence the 
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participant responses. The interviews were recorded with the participants' permission for data 

retrieval purposes. 

 

It is important to note that the interview questions provided in Appendix B were asked to help 

collect comprehensive data concerning the research participants and to get feedback about 

prototype operation requirements and feasibility. The questions related to the participants 

concentrated on the participants' backgrounds in designing spaces for older persons with or 

without vision loss and about experience with designing DSS systems. This set of questions 

was formulated to help the researcher understand the nature of the larger population of potential 

DSS users. The questions related to the prototype DSS focused on the participants' 

perspectives on the vision loss representation in general and for design decision-making 

purposes. This set of questions was developed to get an evaluation of the 1st iteration of the 

prototype tool and to gather suggestions for building a full-fledged DSS tool useful during 

designing spaces for older persons with vision loss. Based on the provided information and 

software demonstration, the research participants were able to give valuable comments and 

feedback on the following broad categories within the scope of member checking round 1 

elaborated in the following sections.  

 

General Awareness on the Central and Peripheral Vision Loss Conditions Affecting 

Older Persons 

Out of the eight participants, only SI5 was familiar with the vision condition called glaucoma that 

generally affects peripheral vision among older persons. Most participants were surprised to find 

out about the vision conditions. On seeing the demonstration of the vision loss conditions, the 

interviewee 4 stated, “This is scary.” SI2 and SI8 were intrigued with the idea of finding better 

ways of translating what the eyes see and the brain processes when designing spaces for 

persons with vision loss. The participants were eager to learn more about the vision loss 

conditions. SI5 was of the opinion that architects need to design differently for persons with 

vision loss especially when designing public spaces. The overall responses justify the research 

approach of designing a prototype tool to inform an architect’s decision-making capacity when 

designing spaces for older persons with vision loss. The researcher’s challenge is that there is 

lack of general information about vision impairments. Some architects are of the attitude that if 
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these issues can be corrected with the help of personal devices, then there is no need to 

change the entire design to fulfill their needs. 

 

Evaluate the Potential of Using a DSS Tool during the Design Process 

The researcher asked the interviewees if they could think about design scenarios where a DSS 

tool would come handy when designing spaces for older persons with vision loss. According to 

SI1 a DSS tool can be used to make the right decisions about design features such as 

orientation, spatial layout, and natural lighting. SI2 wanted to use a DSS tool to perceive how 

occupants would use the space. SI3 and SI4 were confused about the application and 

suggested that they would not be able to comment unless they had an idea about how the final 

product would look and be used. Throughout the interviews all the participants suggested that 

the DSS tool must have resources that inform the architects about the occupant’s behavior 

when accessing indoor environments and architectural spaces.  For example, SI5 wanted to 

know if the DSS tool could include studies and available knowledge on the following behavior 

patterns to inform the architects.  

 Do they use touch to feel everything around them?  

 Do they need to check boundary or edge conditions to avoid bumping into it?  

 Do they memorize spaces, and what happens in new spaces or if the designs are changed? 

Would it affect their daily routine?  

 Do they walk at the same pace as normal persons?  

 What are the typical gait patterns among these individuals? 

 

The SI6 wanted to use the output vision loss representations to detect design flaws such as 

textures, color, and luminance contrasts between adjacent indoor surface finishes. The 

interviewee recognized that office spaces or classrooms would be designed differently in 

comparison to navigational spaces such as lobbies and corridors. And the design of these 

spaces may be more or less critical based on the type of vision loss condition. Consequently, it 

is important that the DSS tools include detailed information about all the different vision loss 

conditions. All but two participants listed a range of functions where a DSS tool could assist in 

the design process. However, by the end of the member checking round all the participants 

were convinced that there is need for a DSS tool to inform architects how to make better 

decisions when designing spaces for older persons with vision loss.  
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Evaluate 1st Iteration of the Central and Peripheral Vision Loss Representations 

The researcher asked the interviewee’s opinion on the masking functions used to produce the 

1st iteration of the central and peripheral vision loss representations. SI1 felt that in this iteration 

the research uses a definite border to demarcate the region of vision loss from the remaining 

vision. This representation appears to be far from an accurate representation of reality. In the 

real world, it is difficult for a person to distinguish between the areas of vision loss. To enhance 

visualization the functions must be altered such that the blind spot uniformly fades out through 

the image. SI5 felt that the vision representations were a good representation. It gives the basic 

idea. SI8 stated that the mathematical function must be designed such that diameters and the 

intensity of the vision loss condition more or less represent the real vision condition. Five 

interviewees felt the need to involve vision science experts such as optometrists or researchers 

to help develop an appropriate mathematical vision loss function. During this round of questions 

the SI5, SI6, SI7, and SI8 identified the need to include eye and head movements to visualize 

the low vision representations of the design.  

For example SI5 stated:  

When I walk straight with my speed, I never turn my head. But if I were to have this 

type of vision problem, maybe I need two or three images to see the whole space. 

Because, if I see this rendering I don’t know what is on the right top side, so maybe 

I’ll stop and look around and then move.  

 

According to SI8, a person with central vision loss may use eccentric viewing to help make 

sense of the space. Thus, there is a need to represent the space dynamically.  

 

Justify Need for Walkthrough Views 

In order to include vision loss representations within the design process, the visualizations 

would need to be dynamic. SI4, SI5, SI6, and SI7 suggested that using walkthroughs would 

allow dynamic visualization of the design features. SI7 suggested that partial walkthrough 

animations of a person moving through the space are an important feature. SI4 suggested that 

in the future CAAD tools such as Revit and Rhinoceros must be used to represent the vision 

loss condition dynamically. SI7 suggested conducting eye-tracking studies to understand the 

behavior of the occupants. However, the interviewees also accepted that currently the 
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technology is not advanced enough to account for real world lighting quality for walkthroughs. 

Consequently, interviewee 5 suggested that when developing partial walkthroughs, the 

researcher must control the frame speed and rate based on the distance between two camera 

points. An example of the partial walkthrough demonstrated during the member checking round 

1 is included in Appendix A.  

 

Evaluate Use of Fish Eye View vs. Parallel View 

The researcher received mixed reviews about the fish eye view vs. parallel view comparisons. 

SI1 suggested that architects preferred normal views. The interviewee felt that the depths are 

not conveyed well in the fish eye views. The interviewee stated: “depth is confusing and doesn’t 

feel real in fisheye view.” However at the same time SI3 insisted on using fisheye images. SI3 is 

involved in designing DSS tools for visual comfort during the early stages of the design process. 

The interviewee also suggested that human eye is considered as a part of the fish eye. So it is 

more appropriate to convince architects to adopt these in place of parallel views when designing 

spaces for older persons with vision loss.  

 

Evaluate 1st Iteration of the Quick Design GUI Models 

The DSS mockups were demonstrated towards the end of the presentation. Overall, the 

interviewees got a much clearer idea about the research seeing the DSS mockups. All the 

interviewees estimated that if the DSS tool is developed as indicated during the interviews then 

it will make a useful improvement in the design decision-making process. Thus, even the 

interviewees who were not sure about the concept initially approved of the DSS tool by the end 

the interview. Some of the problems identified in the DSS iteration 1 are as follows: 

 To use proper nomenclature to define the click and drag functions.  

 To arrange the functions in proper order. 

 To add help manuals and video to set guidelines to use the DSS appropriately. 

 

Since the DSS uses 2D images as input, there are some limitations to what the tool can do. 

According to SI5, brightness, luminance, and color are the only three things that can be altered 

or tested. It is not possible to alter design factors such as height and area of the spaces. 

Interviewee 3 speculated that altering images breaks the points and grid lines in the image. 

Once the image grid is broken, it is not possible to run any analysis such as luminance maps or 
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glare analysis. The simulations will fail. In order to rectify this problem, the researcher would 

design a masking algorithm in the form of an overlay. Consequently, instead of directly 

manipulating a given image, the masking functions would manipulate an overlay laid on top of 

the image. Alternatively, the SI7 proposed that in the future one should be able to use the 

image-processing tool Adobe Photoshop. Photoshop functionality allows creation of multiple 

layers and a variety of masking functions. The Photoshop selection tools can be used to pick 

specific points to manipulate the contrast thresholds, image colors, and luminance levels.  

SI4 stated 

 A few minor design changes can be visualized on the DSS tool, yet in order to 

apply major changes; one will depend on CAAD tools such as Rhinoceros, and 

Revit. It would be much better if the prototype tool were integrated as a part of a 

CAAD tool. Architects are more comfortable visualizing design on CAAD systems.  

 

But due to current limitations in technology and time constraints, the researcher has used 

MATLAB to develop the preliminary DSS tool for this study. However, for future research 

purposes, the DSS tool must be integrated within a CAAD system. 

 

Evaluate 2nd Iteration of the Quick Design GUI Models 

The DSS 2nd iteration was a more detailed and compact version in comparison to the 1st 

iteration. SI1 felt that this version of the DSS tool was a lot better than the 1st iteration, as all the 

functions were integrated on a single tab. Interviewee 3 felt that the 2nd iteration was better as 

most of the users would be design professionals who are used to seeing all the functions on a 

single tab. SI5 wanted the click and drag functions renamed to provide more information about 

the function. The interviewee felt that architects would want to know more about the vision loss 

conditions and how design would impact a user’s performance in comparison to people with 

normal vision. SI1, SI4, SI6, and SI7 thought that iteration 2 had better organization, and was 

more straightforward in comparison to the 1st iteration. SI7 wanted the tool to include design 

guidelines such as good and bad design scenarios to help architects educate themselves about 

improving design decision-making. SI2 and SI7 speculated that one of the major future 

challenges would be to determine a design metric and a method to quantitatively evaluate the 

vision loss representations. Table 5-1 demonstrates some of the outcomes of the interviews 

conducted during member checking round 1. 
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Table 5-1: Outcomes of the member checking round 1  

Vision Loss 

Representation  

 To build seamless vision loss representations useful to inform architects 

decision-making skills. 

 To determine appropriate mathematical algorithm  for vision loss condition. 

Collaboration   To engage vision science experts to refine the vision loss representations. 

 To engage vision science and mobility experts to gather detailed 

information about factors that must be considering when designing spaces 

for older persons with vision loss. 

Information 

Gathering 

To understand the behavior of older persons with vision loss when accessing 

indoor environments. For example,  

 To memorize useful parts of the spaces, such as the space layout, 

furniture plan, location of entrances, doors, windows, and obstacles such 

as stairs, projections. 

 To understand the occupant’s physical capacities such as the person’s 

gait, walking patterns, and head movements used to scan through spaces.  

Design 

Features 

To develop a database of good and bad architectural design examples that can 

be used when designing spaces for older persons with vision loss. 

Quantitative 

Evaluation 

To develop a metric to measure design features such as glare, brightness, 

textures, contrast, luminance levels, and color contrast suitable for older 

persons with vision loss.  

DSS platform  To evaluate the potential of CAAD based tools to develop an interactive 

DSS platform. 

 To evaluate the potential of image processing scripting tools such as 

Python to develop an interactive DSS platform. 

 To evaluate the potential of existing image processing tools such as Adobe 

Photoshop to integrate a DSS platform to help architects design spaces for 

older persons with vision loss. 

Animation To determine visualization methods to build interactive walkthroughs. 

 

5.3.3 Prototyping Cycle 2: Quick Design and Construction 

After member checking round 1, the researcher analyzed the outcomes and revised the design 

process, the DSS GUI, and the vision impairment representation patterns. In comparison to the 

design process proposed in the beginning of the study, the member checking outcomes made 

the researcher realize the importance of sharing prescriptive knowledge with the architects. 
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Consequently, the 2nd iteration of the proposed design process emphasized the need to refer to 

prescriptive knowledge to confirm the design decisions based on proscriptive representations 

and vice versa. Figure 5-22 shows the 2nd iteration of the proposed design process applicable 

for design of spaces for older persons with vision loss. 

 
Figure 5-22: 2nd iteration Proposed design process of spaces for older persons with vision loss 

 

Prototyping Cycle 2: Quick design and Construction- DSS GUI Mock 3rd Iteration 

Right after conducting member checking round 1, the researcher worked on revising a new 

version of the DSS plan and the mockup model. The researcher got an overall idea about 

synthesizing the 3rd iteration of the DSS tool by integrating ideas, suggestions, and errors 

[No] 

[No] 

[No] 

[Yes] 



166 

 

recognized by the participants. Figure 5-23 shows the process that was planned for the 3rd 

iteration of DSS tool during new construction as well as existing renovation projects.   

 
Figure 5-23: Application of 3rd iteration DSS tool for new construction and renovation projects  

 

During the beginning of any new project, architects tend to examine the background information, 

design standards, and guidelines to help the design process. Additionally, new users may need 

user manuals and introduction videos to understand the purpose of the tool and examples of the 

design approach to help design spaces for older persons with vision loss. Thereby, it was 

evident that the tool must include these sections to help architects with the above-mentioned 

prescriptive knowledge. In Figure 5-23 both new construction and renovation projects start with 

reference to prescriptive knowledge on the vision conditions, design norms, and guidelines to 

use the prototype. The architect can use this knowledge to generate a base design model in the 

case of new design construction projects or get knowledge on how to take pictures of the space 

in the case of an existing design project.  

 

The second step was to apply vision functions on HDR or JPG representations of the space 

using the prototype. The prototype demonstrates the use of proscriptive judgment, which allows 
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the architect to use personal experience, and prescriptive design guidelines to make design 

judgments to either accept or reject the design. The tool also includes a few options which can 

be used by architects to apply a few quick design tweaks in case the design fails to satisfy both 

the prescriptive and the proscriptive norms. The prototype demonstrates the use of simple click 

and drag functions to test color and contrast adjustments to the representations. Functions such 

as luminance maps, color, and brightness contrast can be directly applied on HDR 

representations. The researcher anticipated for the prototype to assist the architect in detecting 

design flaws as well as in conducting design modifications until a satisfactory design alternative 

was achieved. The prototype DSS mockup was fine-tuned to satisfy the new design ideas and 

needs outlined during the interviews conducted in member checking round 1. Figure 5-24 shows 

the detailed outline of the functions displayed on each tab and the information shared between 

various tabs using the arrow directions. Figure 5-25 shows the mockup of the various tabs 

designed for the 3rd iteration of the DSS mockup. The individual tabs of the 3rd iteration of the 

DSS mockup are demonstrated in Appendix A.  

 

 
Figure 5-24: Functions and information sharing between the tabs of the DSS, iteration 3 
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Figure 5-25: 3rd iteration of the DSS mockup - All Tabs 

 

Prototyping Cycle 2: Improving the Vision Loss Masking Functions – Quick Design and 

Construction 

The second and third iterations of the vision loss representations were developed based on the 

evaluations of user feedback from member checking round 1.	   The member checking study 

helped the researcher get clarity on using spatial representations appropriately for making 

proscriptive design judgments. All interviewees agreed that representations made them think. 

They were surprised to know that people suffer from these vision disorders. They voiced that 

there is a need for better support systems that inform them about the needs of older persons 

with vision impairments other than what is mentioned in standards and guidelines. Some of 

these comments were used to understand and apply vision functions for design purposes.  

 

For example, for design purposes, the masking algorithm should be applied to a separate layer 

in such a way that the overlay is altered instead of the original representation itself. All the 

participants agreed that it will be difficult to design effectively using a single point in time 

representation. Sharing prescriptive knowledge on the eye adaptation patterns on the tool would 

help set initial design criteria. The 1st iteration was crude and fuzzy vision loss representation. 

One critical comment was that the masking hard circle provided some understanding about the 

vision loss representation, but that it may not be the right representation. Consequently, one of 
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the important tasks after member checking round 1 was to determine a more appropriate 

method to apply a blind spot and to create a uniform blurring effect. To fulfill this need, the 

researcher rendered the central vision loss representation as a blur that would intensify toward 

the center of the image and turn into a blind spot or scotoma based on the progression of the 

disease. Additionally, the blur would uniformly fade out toward the outer periphery of the image 

without defining a distinct border.  

 

Similarly, to render a peripheral vision loss representation, a blur would be created in such a 

way that it intensifies toward the edges of the image and turns into a blind spot or scotoma as 

the disease progresses. The blur would uniformly fade out toward the center of the image 

without defining a distinct border. Another important feedback was that the user should be able 

to control the vision loss progression by adding click and drag functions such as sliders to 

control certain parameters of an algorithm. The researcher looked for a mathematical function to 

incorporate these and considered many other suggestions for developing an appropriate vision 

loss representation. Figure 5-26 shows the quick design activity diagram of the steps used to 

develop the 2nd iteration of vision loss algorithm.  

 
Figure 5-26: Quick design activity diagram used to develop 2nd iteration vision loss algorithm 

 

Figure 5-27 shows the activity map of constructing two alternatives of the masking algorithms 

for representing central and peripheral vision loss.  
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Figure 5-27: Activity map of the central and peripheral vision loss functions 2nd & 3rd iteration 

 

The vision loss representation construction process was as follows.  A Gaussian function of 

multivariate normal distribution was used to create a masking algorithm for the overlay on top of 

the original image. In order to recreate central vision loss, a transparency function, AlphaData, 

was applied on the overlay to uniformly remove the peripheral portion of the mask. Conversely, 

to create peripheral vision loss   AlphaData was applied on the overlay to uniformly remove the 

central portion of the mask. A separate Gaussian filter parameter was created to control the 

Alphadata function of altering the masking overlay. The combination of the Gaussian algorithms 

allowed the original image to be visible below the masking overlay. The use of a Gaussian 
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function makes the masking representations appear distinctly light or dark shaded. The 

researcher was not sure about an appropriate representation at this time. In the following cycle, 

the researcher demonstrated the vision loss representations among vision science experts. 

Consequently, the researcher created two alternatives for the algorithm. Figure 5-28 shows the 

representation of central and peripheral vision created with the 2nd iteration of the algorithm. 

Figure 5-29 shows the representation of central and peripheral vision created with the 3rd 

iteration of the algorithm.  
 

 
Figure 5-28:  2nd iteration of central and peripheral vision loss representation 

 

 
Figure 5-29: 3rd iteration of central and peripheral vision loss representation 

 

The same algorithm was slightly altered to create the variations of central and peripheral vision 

loss for the two iterations. For the 2nd iteration, the peripheral vision loss representation was 

generated by replacing the parameter for the AlphaData function with the inverse function of the 

Gaussian filter function. For the 3rd iteration, the central vision loss representation was 

generated by inversing the masking overlay function. The 3rd iteration of the peripheral vision 

loss representation was generated by inversing the masking overlay function. This iteration was 

created by replacing the parameter for the AlphaData function with the inverse function of the 

Gaussian filter function.  In the 2nd iteration of the algorithm the central and peripheral vision loss 

conditions are represented with lightly shaded patches towards the center and the periphery, 

respectively. In the 3rd iteration of the algorithm the central and peripheral vision loss conditions 

are represented with dark patches towards the center and the periphery, respectively. In both 



172 

 

algorithm iterations the mask is a more prominent scotoma in the center and uniformly fades 

outward for central vision loss. In the case of peripheral vision loss, the scotoma was more 

prominent towards the edges of the image and uniformly fades inward toward the center of the 

image. The region outside the prominent scotoma was a fuzzy representation of the original 

image; this showed the representation of the space using the person’s remaining vision.  

 

The following sections will discuss the second round of the member checking interviews and the 

decisions involved during the construction of the working prototype tool. 

 

5.4 Prototyping Cycle 3 

The Prototype Cycle 3 is the last part of the prototyping process. In this cycle, a follow up 

interview was conducted with the participants from member checking round 1 to test the revised 

process maps, GUI mockups, and vision loss representations. In addition to this study, a three 

vision science experts were approached separately to get their recommendation for developing 

an appropriate vision loss representation. After analyzing the outcomes of the interviews, a 

working prototype GUI was developed. Figure 5-30 shows the Prototyping Cycle 3 process and 

Figure 5-31 shows the Prototyping Cycle 3 sequence map. 
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Figure 5-30: Prototyping Cycle 3 process 
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Figure 5-31: Prototyping Cycle 3 sequence map 
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5.4.1 Prototyping Cycle 3: Communication 

Before constructing the working prototype GUI for this study, the new iteration of the design 

process, the prototype mockup and the vision loss representations were evaluated by the same 

group of fellow Ph.D. students who participated in the member checking round 1. In addition to 

the original member checking participants, the researcher also invited three vision science 

experts to provide more information to provide feedback on correctly representing the vision loss 

representations. After designing new versions of the prototype system, the participants were 

invited again to participant in the second round of the member checking process. The eight 

participants willing agreed to participate in a 30 minute long, face-to-face, semi-structured, 

open-ended interview. The interviews were conducted following Virginia Tech IRB approved 

procedures as explained in Section 5.3.1 on Prototype Cycle 2.  

 

5.4.1 Member Checking: Round 2 – Architects 

The second round of interviews focused on finding the participant’s opinion on the new features 

and requirements defined for the DSS tool. The features were developed by using 

recommendations gathered during member checking round 1. These participants provided 

opinions on the value of following model revisions: 

 

 Design process map iteration map 2 

 Vision loss representations iteration 2 and 3.  

 GUI system Iteration 3 

 

Member checking round 2 was conducted within two weeks of the first round of interviews. The 

short time frame between the interviews allowed the participants to rely on their memory from 

the previous interview to respond to the design alterations (Pressman, 2010). The researcher 

used demonstrations of the modified models to compare the demonstrations from the previous 

interview. The interview questions are provided in Appendix B. The questions were formulated 

to understand the participant’s perspective on the design modifications after the previous 

interview.  The participants were able to give valuable comments and feedback on the following 

categories within the scope of member checking round 2. 
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Evaluate Updated Design Process Map, Iteration 2 

In order to improve decision-making during the design process, DSS functionalities were altered 

and demonstrated to the participants to get their opinion on the changes. The process maps 

showed the architect’s interaction with the DSS tool for two different scenarios, new construction 

and renovation projects. All the participants liked the use of both the prescriptive knowledge and 

proscriptive design to inform architects. Six out of 8 participants felt that the activity map 

interactions should be altered based on the architect’s need. The general consensus was that 

the activity map captured most of the suggestions provided during the previous interview round.  

 

One of the critical comments was provided by SI2.  

I think the flow looks fine. But when you say evaluate design of course the 

architect is evaluating visually, based on his or her own judgment right. Since 

there are no physical measuring methods so the tool is still just a visual medium.  

 

In future this can be a major shortcoming in the usability of the prototype for professional design 

purposes. Consequently, for future research purposes, there is a need to determine the 

appropriate physical measuring system in addition to finding the right vision loss representations 

for design purposes. 

 

Evaluate Updated Vision Loss Representations, Iteration 2 and 3 

Previously, the vision algorithms were directly applied to the entire image and this broke the 

image’s internal lines and points. Consequently, in this case, the researcher altered the 

algorithm in such a way that the masking functions were applied on a separate layer laid on top 

of the image. Conceptually, this would still allow architects to retain the original configuration of 

the image below the masking layer. This mechanism would allow the mathematical functions to 

add on to the original image points instead of completely replacing them.  The layering system 

can be used to visualize application of design tweaks on the original image below the masking 

functions. The general consensus was that this model of the vision loss representation was a 

better solution. Another useful input was to provide instructions addressing the eye conditions 

and how the prototype tool can be used to get appropriate representations for vision loss 

progressions.  
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SI3 emphasized the importance of using fish eye views and showed disappointment that many 

architects preferred parallel views.  

 

However, SI5 had exactly the opposite opinion on the topic.  

But we (architects) never look at space representations that look like fisheye. I 

prefer stitching three separate images beside each other to have a wide view. I 

don’t know how wide the eye can see.  

 

The researcher could not gain consensus on the right method of defining the field of vision using 

these interviews. However, it raises a lot of questions on the right method to represent human 

vision. Due to the study limitations and time constraints, this study has to be conducted 

separately in future. It will be important to understand what people with vision impairments and 

architects think of representations using fish eye views in comparison to wide angled views. 

Consequently, as a future research consideration there is a need to determine a better method 

to represent spaces as seen by the human eye without it being confusing to architects.  

 

Evaluate Updated DSS GUI Mockup, Iteration 3 

Through this evaluation the researcher wanted the participant’s opinion on what the tool would 

eventually be and on its application for professional design needs. SI1, SI4, SI5, and SI6 felt 

that the tool was impressive, easy to use, and would require minimum learning curve. 

Interviewee 8 suggested that similar to CAAD GUI design, combining all the tabs on a single tab 

would help users to pick the required features and functions by looking at all the options 

simultaneously. Based on the suggestion provided by SI2, for future research purposes, it will 

be interesting to see how an architect will use this information to design spaces for older 

persons with vision loss; that is, to find the usefulness of the tool by studying how architects 

translate representations of vision impairments to change the appearance of the physical 

spaces. There is a need to identify features that are more useful in making design decisions. 

Some of these questions are captured during the next phase, the collaborative immersive 

design case study.  
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5.4.2 Member Checking – Vision Experts 

The researcher was able to get consensus on the functionality of the DSS system from the 

member checking process conducted with the architects. Vision science experts evaluated the 

central and the peripheral vision loss representations before proceeding to develop a working 

prototype tool. Three vision experts were invited via email in order to obtain their consent in 

participating in the member checking study.  

 

Interviewee Background – Vision Science Experts 

The following criteria were used to select the vision science experts.  

 Interest in participating in the study via email or phone interactions. 

 Possession of several years of professional experience working with persons with vision 

impairments. 

 Interest in designing better environments for persons with low vision.   

 

Due to the distinct selection criteria, vision experts with previous knowledge about the study 

were invited to participate in the study via email. These participants had some knowledge of the 

research and had previously given verbal consent to participate in the study in some capacity. 

The background information about each interviewee will provide details about their involvement 

in studies related to low vision representations.  

 Interviewee 1 (I1) has collaborated with the U.S. Access Board and LVDC-NIBS to gain 

firsthand experience in working and living with low vision and to develop low vision 

representation methods for environments. The participant suffers from a degenerative vision 

loss condition.  

 Interviewee 2 (I2) is low-vision rehabilitation specialist and medical optometrist. The 

interviewee has collaborated with architects and lighting designers to study the effect of 

building design parameters on people with low vision.  

 Interviewee 3 (I3) is a professor of psychology and neuroscience and has extensive 

research experience concerning visual perception with primary emphasis on low vision. The 

researcher is heavily involved in designing visually accessible spaces. The researcher is 

visually impaired with a lot of personal insight into problems of visual accessibility, which is a 

motivation to find practical solutions.   
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Interview Process and Decisions made for Designing Vision Loss Algorithms  

Based on the initial verbal consent, the researcher emailed the participants with the intent to get 

help on representing the two low vision conditions. The researcher requested the experts have a 

look at the file and images and share their opinion via email or phone call on whether the 

representations generally captured central and peripheral vision loss conditions.  The email 

interactions were stored in hard copy format with the participants' permission for data retrieval 

purposes. These communications were semi-structured and the questions were open ended in 

nature. Interactions between the researcher and the participant were mostly via email and a 

couple of phone calls. The intent of this study was to find if these representations were a 

reasonable beginning. For this purpose PowerPoint files with a few image representations 

algorithmically capturing the low vision condition were attached to the email. These 

presentations were a mode of communication between the researcher and participants. The 

very first interaction involved finding their opinion about evaluating the 2nd and 3rd iteration of 

the vision loss representations produced during Prototyping Cycle 2. To get detailed information 

about the representation, in addition to the email interactions, I2 and I3 communicated over the 

phone. Following are the initial comments received via email interaction. 

 

I1:  The participant’s uncorrected vision impairment made it difficult to judge the low vision 

representations. However, the participant felt that these representations can be used to create 

general awareness to generally sensitize the normally sighted designer to the type of challenge 

faced by the low vision space user.  

 

Giving personal vision experience, the participant suggested  

In general, there is so much variation is my own visual acquit by time of day, eye 

pressure, surface moisture and the position of floating lenses that it is difficult to fix on a 

specific characterization of what I see. 

 

I2: The participant particularly referenced the age-related macular degeneration (AMD) as an 

example of central vision loss and glaucoma as an example of peripheral vision loss. The 

participant felt that simulation of the central vision loss appears like a brightly lit glare-like effect 

which may not be the correct representation of the scotoma or blind spot that happens due to 

central vision loss condition, such as AMD. The participant said 
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Early on, the patient doesn’t really see the spot, just knows they can’t see quite as well, 

but as things progress, they definitely see they are missing pieces to the puzzle. 

 

I3: The participant agreed that the representations are a reasonable beginning. But the 

participant stated the following precautions.  

 

But it's important to be cautious about what these representations signify. It would not be 

a good idea to claim that they represent the perceptual experience of people with 

macular degeneration or glaucoma. A more cautious approach is to say that they provide 

an approximation of the visual information loss due to central and peripheral-field loss. 

 

The outcome of the initial interaction with the vision experts were as follows:  

 The representations present a general idea of central and peripheral vision loss.  

 The researcher does not claim to represent perceptual experience of the people with low 

vision.  

 The DSS GUI slider functions will be used to vary the representation from early to late 

stages. 

 

The vision loss representations were altered to match the descriptions provided through the 

initial interaction. In particular, I2 influenced the revisions of the representation. The participant 

suggested that the initial stages of the vision conditions typically go undetected. The initial 

scotomas are a tiny unusual pixelated spot in the center and as the vision loss progresses, the 

size and the intensity of the scotoma increase with progression of the disease. In AMD, the 

remaining vision surrounding the scotoma has reduced acuity and appears blurry. Similarly, in 

glaucoma, the peripheral edge size reduces and eventually appears like a tunnel vision. The 

central vision is retained until the later stages in this disease. The researcher mainly used this 

information to revise the vision loss representations again. Figure 5-32 shows the quick design 

activity diagram that was used to develop the 4th iteration of the vision loss algorithm.  
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Figure 5-32: Quick design activity diagram used to develop 4th iteration vision loss algorithm 

 

The same algorithm used for creating representation algorithm iteration 2 was slightly altered to 

create the variations of central and peripheral vision loss based on the suggestions provided by 

vision experts. Figure 5-33 shows the activity map of constructing the 4th iteration of the masking 

algorithms for representing central and peripheral vision loss.  
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Figure 5-33: Activity map - 4th iteration of masking algorithms for representing central and peripheral 

vision loss 
	  

The critical feedback was that the second iteration of the representations appeared to 

demonstrate effects of glare in spaces, rather than a representation of a uniform scotoma. To 

rectify this problem, the researcher used an alternative technique to replace the initial Gaussian 

masking overlay from iteration 2. A simple shaded 2D array was created on top of the original 

image. The researcher set the shade range between 0 to 1 in such a way that the array wasn’t 

too light or too dark. For this study, the array shade was set to 0.6. This array is the new 



183 

 

masking overlay for iteration 4. Next, an AlphaData function using a Gaussian parameter was 

applied to this array, r. Figure 5-34 shows steps used for creating iteration 4 of the central and 

peripheral vision loss image representation. The 4th iteration central and peripheral vision loss 

representations are presented in the Appendix A. 

 

 
Figure 5-34: Algorithm steps used to create the iteration 4 of the central and peripheral vision loss image 

representation  
 

In the central vision loss iteration 4, a mathematical function was used to distribute a uniform 

blur within the central field of the image. This mathematical function was inversed to distribute a 

uniform blur away from the central field of the image to get a representation of peripheral vision 

loss for iteration 4. Due to the personal loss of vision, I1 could not provide the inputs by looking 

at these representations. Consequently, I2 and I3 were approached via email to revisit 

presentations demonstrating revised representations of central and peripheral vison loss. I1 felt 

that even though these representations successfully captured the blurry effect, a distinction of 

the scotoma was missing. As the disease progresses, the size and the intensity of the scotomas 

increase and peripheral vision acuity reduces. As the disease progresses, the vision loss 

become evident and patients find it difficult to perform daily activities. In an attempt to 

accommodate these suggestions, iteration 5 of central and peripheral vision loss 

representations were developed.  The same algorithm used for iteration 4 was slightly altered to 

create the variations of central and peripheral vision loss. Figure 5-35 shows the activity map of 

constructing the 5th iteration of the masking algorithms for representing central and peripheral 

vision loss.  
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Figure 5-35: Activity map - Masking algorithms iteration 5 - central and peripheral vision loss 

representatisons 
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Two layers of masking overlays were added to simulate iteration 5 of the vision loss 

representations. The first layer of the mask creates a simple visual blur. This algorithm was also 

used to create visual blurring for the 4th iteration of the representations as well. In iteration 5 a 

second layer of masking overlay was added to the representations. This function was used to 

distinguish a scotoma from the visual blur. The researcher used MATLAB’s imfilter and the 

imnoise function to control the intensities of these scotomas. Figure 5-36 shows algorithm steps 

used for creating iteration 5 of the central and peripheral vision loss image representation. The 

5th iteration central and peripheral vision loss representations are presented in Appendix A. 

 

 

 
Figure 5-36: Algorithm steps for central and peripheral vision loss representation iteration 5 

 

AlphaData function with a Gaussian parameter was used to develop central vision loss 

representation. An inverse of the AlphaData function was applied to the two masking overlays to 

create a representation of the peripheral vision loss. The AlphaData function was used to control 

the size of the blur and the scotoma functions. The interviewees were approached via email to 

revisit presentations demonstrating revised iteration 5 of the representations of central and 

peripheral vison loss. The interviewees agreed that these representations are a reasonable 

beginning. At this point, in addition to finding the appropriateness of the representations, the 

researcher also wanted some input on the following topics: 
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 To find mild and severe end points to these vision impairments: According to I2, in the case 

of central vision loss, the periphery is relatively unaffected. However, since there are fewer 

retinal receptors in this area, the vision isn’t exactly sharp, either. For peripheral vison loss, 

the central island of good vision appears small; the end stages cause drastic reduction of 

overall vision. I2 said  

 

But that is really outside of what you are trying to demonstrate. So your depiction is 

pretty good and you can proceed to develop the working DSS prototype and evaluate its 

use for design purposes. 

 

 To find degrees of vision loss for initial, intermediate, and final stages of these vision 

impairments: I2 stated, 

 

…We don’t measure these small central scotomas in degrees; our instruments aren’t 

sensitive enough to plot them.  In end-stage AMD, the central scotoma is only about 5 

degrees, but that is an important 5 degrees…  

…In glaucoma, the earliest field changes are along a superior arc of about 13-18 

degrees.  Eventually, the inferior arc progresses and the two meet nasally (nasal 

step).  The center remains intact for a long time because this is connected to the papillo-

macular bundle of nerve fibers which is pretty resilient… 

 

 To find knowledge on typical eye movement and behavior patterns when moving through 

indoor spaces: I2 stated 

 

…Persons with central loss might use some eccentric viewing to catch some detail, and 

so mobility is generally not impaired while navigating… 

…In later stages of glaucoma, the periphery is significantly compromised and they start 

bumping into things.  Then they will do more eye scanning and head turning to 

compensate… 

I3 suggested it is difficult to know all the behavior patterns of persons with vision loss. The 

researcher was not particularly sure of the availability of previous studies on capturing behavior 

patterns for persons with vision loss especially in design settings. The researcher suggested 
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that although it will be a useful source of prescriptive knowledge, at this point of time it was more 

important to proceed and capture expert reactions on the potential of the DSS tool for design 

application.  

 

On receiving positive responses from vision experts, the researcher moved on to develop the 

DSS working prototype tool. Development of the working prototype revolved around 

incorporating iteration 5 of the algorithms for central and peripheral vision loss within the tool. 

DSS GUI slider functions were used to control certain parameters of these algorithms to 

demonstrate the progression of the vision loss conditions. The following sections will discuss the 

process involved in the development of the working prototype tool.  

 

5.4.3 Prototyping Cycle 3: Revisions and Working Prototype Construction 

A working prototype tool was developed using data gathered during logical argumentation and 

the member checking processes. According to software engineering principles, the developer’s 

personal experience and instincts supersede the model representations (Pressman, 2010). 

Consequently, in this study the researcher relied on personal instinct and experience to decide 

and evaluate the software development strategies. A substantial part of the research time was 

spent on prototype construction (coding and testing). Therefore, the following steps suggested 

by Pressman (2010), made it easier and faster to construct the software for the DSS tool.  

 To simplify DSS mockup iteration 3  

 To demonstrate proscriptive design representations for older persons with central or 

peripheral vision loss. 

 To use existing program fragments or tools to enable working programs to be generated 

quickly. 

 To build the first basic prototype system to demonstrate possible functions and capabilities 

of the actual system. 

 

The researcher used the scripting tool MATLAB to construct the working prototype GUI 

interface. The rationale for selecting MATLAB over other software development tools has been 

discussed in Section 4.6.2. The working prototype tool was built as a MATLAB executable GUI 

application. The prototype construction approach and the researcher’s experience during this 

process are covered in the following sections. Simple models are easier to integrate, test, and 
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maintain. Consequently, a simple working prototype was built for the members to understand, 

beta test, and critique in order to gather solutions to optimize the development of the actual 

system for future purposes (Pressman, 2010). 

 

5.5 MATLAB GUI Development Using GUIDE 

A MATLAB GUI can be created using either an interactive or programmatic method. The 

interactive method of creating GUI is called Graphical User Interface Design Environment 

(GUIDE). GUIDE provides tools to design user interfaces for custom apps. GUIDE automatically 

generates the MATLAB code for constructing the UI. The MATLAB code can be modified to 

control the behavior of the application as required. For example, the researcher modified 

callback functions with appropriate vision loss algorithms in the form of an event. Click and drag 

functions were used to execute a custom callback function within the GUI environment 

(mathworks.com, 2015b; mathworks.com, 2015c).  

 

Another method of building a GUI is by using the MATLAB’s built-in functionality 

programmatically. This method offers more control and customization of the design and 

development of individual component properties and behavior (mathworks.com, 2015b; 

mathworks.com, 2015c). Event-driven framework for UI application is easy to develop on the 

GUIDE UI. However, developing a GUI programmatically gives additional control while authoring 

apps from scratch. Being an architect, the researcher was comfortable using the interactive 

GUIDE Layout Editor. GUIDE provided a visual medium which was more convenient and easy 

to understand than the programmatic GUI development method. 

 

Standalone Application 

MATLAB apps are self-contained MATLAB programs with GUI front ends that automate a task 

or calculation (mathworks.com, 2015a). All the operations required for completing the task—

getting data into the app, performing calculations on that data, and getting results—are carried 

out within the app. It is important to create an event-driven program to write an application. 

Once the app is on the screen, it typically remains idle until a user causes an event by 

interacting with the app—for instance, by entering text or clicking a button. In response to that 

action, a callback function is executed. That callback function, provided by the app's creater, 

executes some code in response to the event that triggered it. For example, clicking a ‘run’ 
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button might execute a callback function that performs some engineering calculations and 

updates a plot shown in the GUI. In event-driven programming, each event callback is a short 

function that must obtain the data that it needs to do its job, update the app as necessary, and 

store its results where other callbacks can access them. The app is essentially a collection of 

small functions working together to accomplish the larger task. 

 

The researcher wanted to get user feedback as well as expert professional opinion on the 

usability of the proposed prototype tool for making design decisions. The researcher wanted the 

participants to beta test the working prototype tool.  For this purpose the researcher used 

MATLAB to develop a standalone executable GUI application. The standalone application is 

called ‘MyAppInstaller_web’. The standalone application does not need MATLAB to be installed 

on the user computer. However, during the installation process the application accessed the 

user’s internet connection to install MATLAB Runtime (mcr) from the mathworks site, 

<http://www.mathworks.com/products/compiler/mcr/?refresh=true>.  

 

MCR is important for the application to work on the user computer. The type of MATLAB runtime 

depends on the system configuration of the computer. The researcher developed separate 

standalone applications suitable for Windows 64 bit machines, Windows 32 bit machines, and 

for Mac OS X 10.8.5 and higher. The working prototype tool was called PCCD. The standalone 

application of the working prototype tool is shared on the Dropbox folder. The location of the 

standalone application is available on Table Appendix C-1. The researcher used MATLAB 

R2015a to package the working prototype application. Deployment codes were added to the 

MATLAB GUI file before compiling the standalone application. Each system configuration 

required a unique deployment code for the standalone application to work for the system. 

 

DSS GUI Planning 

In DSS GUI mockup iteration 3, the researcher proposed that the tool would provide capabilities 

to perform proscriptive design representation as well as prescriptive knowledge. As an outcome 

of the member checking study, the researcher developed algorithms to appropriately represent 

central and peripheral vision loss for this study. The three major categories of prescriptive 

knowledge proposed in this study are information on the two vision loss conditions, suitable 

design guidelines, and quantitative design judgement. The vision loss category itself would 
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require gathering information on the general, physiological, and typical behavioral patterns of 

older persons with vision loss. Preparing a database of prescriptive knowledge needs a large 

amount of time. Using quantitative evaluation methods and end-user behavior patterns for 

making design decisions should be conducted as a separate study in the future. Consequently, 

the working prototype was developed to demonstrate only the part with proscriptive design 

representations for older persons with central or peripheral vision loss.  

 

5.6 Overview of DSS GUI Construction Approach  

GUI provided point-and-click control of software applications, eliminating the need to learn a 

programming language or command line functions to run this application. GUI typically contains 

controls such as menus, toolbars, buttons, and sliders. The researcher had no previous 

experience in developing DSS software models. The researcher used open source tutorials to 

understand the fundamentals of the tool. In the beginning, the prototype development was time-

consuming due to the additional time required to learn the tool. Building interactive GUIs is a 

hard problem, especially for somebody who has not had training in information technology 

(Varoquaux, 2011). Consequently, Varoquaux (2011) suggests that code re-use is paramount 

for software development. It reduces the number of code lines and makes them easy to read 

and understand. It also allows identifying extensive operations in the code.  

 

Consequently, on familiarizing with the construction of the tool, the researcher examined 

existing codes available on MATLAB’s open source file exchange database. Many of the codes 

were reused and revamped to fit the DSS modeling requirements using 2D design 

representations. As the complexity of the GUI system increased, figuring out connections 

between various DSS functionalities consumed more time than developing the actually DSS 

functionalities. The connections between various codes had to be worked out cautiously to 

make sure that the software is bug free. Once the researcher got familiar with the 

interconnections and the causes of internal errors, the researcher spent some time fixing bugs 

before proceeding to build the next DSS function. Figure 5-37 shows the test-driven 

development process adopted by Pressman (2010). This test cycle was applied each time after 

adding a new function into the DSS GUI. 
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Figure 5-37: Test-driven development process adopted by Pressman (2010) 

 

5.7 Development of GUI Software Functionality  

Figure 5-38 shows the five major functionalities required for successful application of the DSS 

prototype GUI.  

 
Figure 5-38 Functionalities required for successful application of the DSS prototype GUI  

 

The functionalities required for successful application of the DSS GUI are divided into the 

following five categories.  

 Category 1: Design representations (DSS input file)  

 Category 2: DSS GUI operations: 

– Opening operations used to get input file into the DSS GUI 

– Functions used to alter input files  

– Functions used to extract the altered file from the DSS GUI 

 Category 3: Design re-representation for older persons with vision loss (DSS output file) 
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5.7.1 Category 1: Design representations (DSS Input File)  

On developing conceptual design ideas, typically, the architects use CAAD simulations to 

visually examine the spatial design quality. The researcher proposes that architects must 

develop photometric design renderings closely resembling human vision when designing 

spaces for persons with vision loss. Section 4.5 elaborately examines the proposed design 

process for new construction as well as renovation projects. Further, this section also elaborates 

on the different components involved in the development of photometric design renderings. 

These photometric representations of the design of the spaces were used as input files for the 

DSS GUI. These representations were modified using the DSS functions to demonstrate how 

persons with vision loss would see the space. Figure 5-39 shows the detailed cycle involved in 

the preparation of these photometric design representations. The highlighted portion in Figure 5-

39 introduces additional design steps to achieve photometric renderings in comparison to that 

shown in Figure 5-14.  
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Figure 5-39: Activity map - Preparation of design representations suitable for re-representing spaces for 

persons with vision (refer Section 4.5.1) 
 

The process provides the following suggestions to develop photometric images. 

 To take HDR photos of spaces when designing renovation projects. The validation of 

the photometric lighting quality of these representations has been discussed in Section 

4.5.8. 

 To develop 3D CAAD drawings on Rhinoceros. 
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 To set the camera and target position at human eye level; in this case, it is set at a 

standing height of 5 feet when designing spaces such as lobbies and corridors.  

 To use DIVA for Rhino (UI for the lighting analysis tool Radiance) to develop a medium 

resolution photometric rendering (DIVA for Rhino, 2016). The validation of the HDR 

renderings developed on DIVA for Rhino has been discussed in the Section 4.5.9. 

 To use the user guide and tutorials on DIVA for Rhino (2016) to develop photometric 

renderings. 

 To set image size to 800 x 500 pixels. 

 To modify the Radiance material library as per design need. 

 To use ultra-wide angled fish eye views (180) in comparison to parallel views.  

 To prepare partial walkthrough and set camera position every 10-15 feet distance 

between each scene. 

The following section discusses the categories of the functions that were used to operate these 

representations within the DSS GUI.  

 

5.7.2 Category 2: DSS GUI Operations  

Figure 5-40 shows the internal elements of the DSS GUI iteration 4 as a demonstration of 

proscriptive design representations.  

 

 
Figure 5-40: DSS GUI iteration 4 Elements: demonstration of proscriptive design representations  

  

The DSS GUI is composed of the following elements, explained below:  

Opening 
Operations 

Vision Loss 

Operations 

Presentation Element 

Navigation Element 

Alter Contrast | Brightness 
Functions Design Operations Luminance Map 

Design 
Operations Results Panel 

Partial Animation 
Operations 
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1.) Opening operations:  

– To select folder destination 

– To load input files into the DSS GUI listbox 

2.) Vision loss operations:  

– To select between the two different types of vision loss conditions central and peripheral 

vision loss with the help of GUI radio buttons.  

– To demonstrate progression of the vision loss conditions with the help of slider 

operation. 

3.) Partial animation operations:  

– To control the animation frame rate. 

– To control the duration of the animation video. 

4.) Design operations: 

– To alter the contrast and brightness of the input files. 

– To create a luminance map using the HDR data files. 

5.) Results panel:  

– To provide general information on the DSS GUI functions. 

– To provide error messages when the inputs are not compatible with the tool.  

6.) Navigation Elements: 

– To use this function to exit out of the program  

– To navigate to another program or webpage. 

7.) Output Operations  

– To save the altered representations for future reference. 

– To save the vision loss masking algorithm for future reference. 

– To load previously created vision loss masking algorithm. 

 

Opening Operations 

Software development depends on the modeling methods and the opening functions. Using 

quick fix methods may be easy and require less time to build, but it may affect interoperability 

between callback functionalities and thus fail to perform complex functions. Consequently, the 

researcher used a typical image analysis application called MATLAB Generic Imaging 

Component (Magic) to understand the organization and fundamentals for developing the 

MATLAB GUI layout. Magic is an open source tool available to help novice users to become 
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proficient in developing GUI based applications (© 2013, Mark Hayworth, Ph.D., the Procter & 

Gamble Company). Magic application uses GUIDE to do the UI design. The Magic GUI controls 

such as the select buttons and listbox were reused to perform the following functionalities: 

selecting a folder of images, selecting and displaying images, and individually or batch 

processing one or more images. This was the first step in developing the application. Figure 5-

41 shows the screenshot of the Magic GUI application. The highlighted portions shows the 

functionalities that were reused for this study.  

 

 
Figure 5-41: Screenshot of the Magic GUI application (Copyright (c) 2013, Mark Hayworth, Ph.D., the 

Procter & Gamble Company) 
 

Equation 5-1 shows the partial code for the use of listbox callback function to display images 

selected on the listbox.  
  

 

 
Display Select images Listbox 
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Equation 5-1: Partial Code for selecting listbox image to display the selected image 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The callback function ‘lstImageList’ demonstrated in Equation 5-1 was used to load input files 

into the DSS listbox. This function was also used to display selected images on the presentation 

panel. The input file name and location were declared as gobal so that other DSS functions can 

see it, if they also declare them as global. A MATLAB image analysis program called the HDR 

toolbox was used to conduct HDR imaging (Banterle et al., 2011; Banterle, 2011). These HDR 

files were appropriately displayed by applying the MATLAB tonemapping toolbox called 

tmoReinhard02.m. This algorithm uses default Reinhards tone mapping values (Shuen-Huei 

Guan. 2011; Reinhard, E., 2002).  

 

 

function lstImageList_Callback(hObject, eventdata, handles) 

… 

% Get image name 

    selectedListboxItem = get(handles.lstImageList, 'value'); 

    numberOfSelectedFiles = length(selectedListboxItem); 

… 

    % If only one is selected, display it. 

     ListOfImageNames = get(handles.lstImageList, 'string'); 

    baseImageFileName = strcat(cell2mat(ListOfImageNames(selectedListboxItem))); 

    fullImageFileName = [handles.ImageFolder '\' baseImageFileName];     

…     

    [folder, baseFileName, extension] = fileparts(fullImageFileName); 

    switch lower(extension) 

    case '.hdr' 

        cla(handles.axesImage, 'reset'); 

        imgOriginal = hdrimread(fullImageFileName); 

        imgOriginal = tmoReinhard02(imgOriginal, 'global', 0.18, 1e-6, 1.5, 4, 1e-4); 

        axesChildHandle = imshow(imgOriginal, 'InitialMagnification', 'fit', 'parent', handles.axesImage); 

… 

    return; 

… 

    otherwise 

        % Display the image. 

        cla(handles.axesImage, 'reset'); 

        imgOriginal = imread(fullImageFileName); 

        axesChildHandle = imshow(imgOriginal, 'InitialMagnification', 'fit', 'parent', handles.axesImage); 

… 
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Vision Loss Operations  

Figure 5-42 shows the GUI vision loss functionality. Appendix A shows screenshots of the 

prototype GUI functionalities.  

 
Figure 5-42: GUI vision loss functionality  

 

Iteration 5 of the central and peripheral vision loss algorithms elaborated in Section 5.4.2 was 

incorporated within the DSS tool. Existing literature doesn’t did not provide an exact scaling 

system that could be directly adopted when developing the vision loss algorithms. Four relative 

measuring systems were used to develop the approximation algorithms: degrees of loss, 

intensity or contrast sensitivity, and eye scanning. Instead of focusing on the making the 

representations accurate, this study focused on developing appropriate understandable 

representations that are suitable for application in the architectural design process. Designers 

can use the information gained from the 2D representations to get better understanding on 

potential occupants.  

 

Degrees of vision loss are an important indicator for defining progression of central and 

peripheral vision loss conditions. MATLAB’s Gaussian Blur and AlphaData functions were used 

to define the scotomas and the gradual blurring effect. The blur function was developed in such 

a way that some part of the visible area around the scotoma was altered to demonstrate low 

acuity. However, the first few successful representation models did not include the natural 

peripheral eccentricity that people experience in general. This parameter was debated over in 

the proceeding phases and representations were slightly altered to incorporate the suggestions.  
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Intensity or contrast sensitivity was another important indicator for defining the progression. 

However, this was an area that was supported by little literature data; the intensities were 

developed based on the verbal open-ended responses provided by Optometrist participating in 

this study. The intensity was not related to the medical measuring system of contrast sensitivity. 

Intensity and eye scanning functions were developed as demonstrations in this study and may 

be explored for future application. Figure 5-43 shows the sequence map of the GUI vision loss 

functionality.  

 

 
Figure 5-43: Sequence map of the GUI vision loss functionality 

 

Equation 5-2 demonstrates the partial code for setting radio button callback function to allow 

users to select between central and peripheral vision loss.  
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Equation 5-2 Partial code: radio button callback function - central and peripheral vision loss 
 

 

  

function grprad_SelectionChangeFcn(hObject, eventdata, handles) 

handles = guidata(hObject);  

    global baseImageFileName; 

    global imgOriginal; % Declare global so other functions can see it, if they also declare it global. 

… 

    case 'mac_radiobutton'  

        q = zeros(size(imgOriginal)); 

        q(:,:,:)=0.6; 

        PSF = fspecial('disk', 5); 

        Blurred = imfilter(q, PSF,'circular','conv' ); 

        noise_mean = 0; 

        noise_var = 0.003; 

        Blurred = imnoise(Blurred, 'gaussian', noise_mean, noise_var); 

        [r,c,~] = size(imgOriginal); 

        [X Y] = meshgrid(1:r,1:c); 

        b=5; 

        Z = mvnpdf([X(:) Y(:)], [r c]./2, diag(b.*[r c])); 

        Z = (Z-min(Z(:)))./range(Z(:)); 

        Z = reshape(Z',[c r])'; 

        axes(handles.axesImage);  

        cla(handles.axesImage, 'reset'); 

        imshow(imgOriginal,'Border','tight'), hold on 

        hImg = imshow(q,'Border','tight'); hold on 

        set(hImg, 'AlphaData',Z); 

        hImg = imshow(Blurred,'Border','tight'); 

        set(hImg, 'AlphaData',Z); 

    set(handles.txtInfo, 'string', txtInfo); 

 

case 'per_radiobutton'  

        q = zeros(size(imgOriginal)); 

        q(:,:,:)=0.6; 

        PSF = fspecial('disk', 5); 

        Blurred = imfilter(q, PSF,'circular','conv' ); 

        noise_mean = 0; 

        noise_v = 0.003; 

        Blurred = imnoise(Blurred, 'gaussian', noise_mean, noise_v); 

        [r,c,~] = size(imgOriginal); 

        [X Y] = meshgrid(1:r,1:c); 
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Equation 5-2 continued 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Two types of vision loss algorithms were applied to a GUI container object (uibuttongroup) 

managing radio buttons. SelectionChangeFcn callback function was used to select an individual 

vision loss algorithm. During the interviews the vision experts had mentioned that with the 

progression of the vision loss condition, the size and intensity of the scotoma increases. 

Additionally, as the scotoma increases in size, acuity will decrease. Modeling the exact detail of 

the vision loss progression is difficult. However, the researcher implemented the GUI slider 

functionality to control the progression of central and peripheral vision loss. The following slider 

functionalities were used to implement increasing blur, intensity, and eccentricity with increasing 

scotoma size.  

 

– The first GUI slider function was to modify the covariance SIGMA parameter of a 

multivariate normal probability density (mvnpdf(X,MU,SIGMA)) function. This parameter 

controlled the size and acuity of the vision loss. The end points of the GUI slider function 

were set between 0.1 to 50 degrees of central vision loss. Similarly, to emphasize the 

loss of acuity for persons with peripheral vision loss, the end points of the GUI slider 

function were set between 18 to 180 degrees of remaining vision. The same mvnpdf 

function was also used as an input parameter for applying the AlphaData function on the 

      Z = mvnpdf([X(:) Y(:)], [r c]./2, diag(e.*[r c])); 

        Z = (Z-min(Z(:)))./range(Z(:)); 

        Z = reshape(Z',[c r])'; 

Y = imcomplement(Z); 

 axes(handles.axesImage); 

        cla(handles.axesImage, 'reset'); 

        imshow(imgOriginal,'Border','tight'), hold on 

        hImg = imshow(q,'Border','tight'); hold on 

        set(hImg, 'AlphaData',Y); 

        hImg = imshow(Blurred,'Border','tight'); 

        set(hImg, 'AlphaData',Y); 

        otherwise 

        % Code for when there is no match. 

        warningMessage = sprintf('no images selected'); 

            msgboxw(warningMessage); 

    end 

end 

return; % from grprad_SelectionChangeFcn 
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vision loss mask. This function was used to control the size of the central and peripheral 

vision loss. The function was designed in such a way that it controlled the size of the 

vision loss proportional to the image length and width.  

– The second GUI slider function was used to implement eccentric viewing due a particular 

vision loss condition. This slider was to modify the mean (MU) parameter of a 

multivariate normal probability density (mvnpdf(X,MU,SIGMA)) function. The end points 

of the GUI slider function were set between values 1.5 to 3.  

– The third GUI slider function was used to control the intensity of the scotoma; a noise 

filter was added to the masking function. The GUI slider function was used to control the 

input variance of the Gaussian noise algorithm. The end points of the GUI intensity slider 

were set between values 0.003 to 0.05.  

 

Figure 5-44 shows the various stages of central vision loss progression. Figure 5-45 shows the 

various stages of peripheral vision loss progression. 

 

   
Figure 5-44: Various stages of central vision loss progression 

   
Figure 5-45: Various stages of peripheral vision loss progression 

 

Degrees: 0.1 

Intensity: 0.0002 

Degrees: 5 

Intensity: 0.003 
Degrees: 20 

Intensity: 0.02 

Degrees: 80 

Intensity: 0.0002 
Degrees: 40 
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Degrees: 18 
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Partial Animation Operations 

Section 4.5.6 elaborates on the parameters used to display the dynamic nature of the space 

using partial walkthrough. The partial animation functionality was used to create video using a 

sequence of images. This functionality was created using MATLAB’s VideoWriter code. The 

animation functionality was developed in such a way that input the user could manually control 

parameters video framerate, quality, and duration. This functionality could be applied only on a 

series of JPG files arranged in sequential order. These images must be of the same size. Some 

of the initial functions were modified to control the image size. For future applications, there is a 

need to find better GUI functionalities to demonstrate sequential partial animations of spaces. 

Figure 5-46 shows the GUI animation function.  

 

 
Figure 5-46: GUI animation function 

 

Design Operations 

In order to demonstrate the design decision-making capabilities of the GUI, the researcher 

added functionalities that can be used to test minor design tweaks on the representations of the 

spaces. The following two design tweak functionalities were added in the GUI. Existing tools 

were reused to demonstrate these functionalities, for two reasons. 

– To alter the contrast and brightness of the input files. 

– To create a luminance map using the HDR data files. 
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Contrast and Brightness Alterations: Brightness refers to the sensation of overall intensity of 

a light ranging from dark, through dim, to bright and dazzling and it can be achieved by 

changing the intensity of the source (Falk et al., 1985). The MATLAB GUI toolbox imageProc.m 

was reused to develop this functionality (Giannakopoulos, 2011). Figure 5-47 shows the toolbox 

used to alter contrast and brightness of input design representation.  

 

 
Figure 5-47: Brightness and Contrast Design Tweaks Toolbox 

 

Luminance Maps: The MATLAB GUI toolbox for creating luminance map using the data from 

HDR files was reused to develop this functionality (Cai & Li, 2014). The equation, Luminance 

map = 179*(0.2127*hdr(:,:,1)+0.7151*hdr(:,:,2)+0.0722*hdr(:,:,3)), was used to demonstrate the 

lighting intensities  using the HDR design representations. This toolbox included functionalities 

to erase intentionally selected luminance data values. The researcher modified this property to 

project higher intensities of luminance values on the design representation. Architects can use 

this function to detect lighting design issues such as low contrast and glare when designing for 

persons with low vision. Figure 5-48 shows the Luminance map toolbox used in the DSS GUI 

and demonstrates its application along with the vision loss functionalities. 

 

 
Figure 5-48: Luminance map toolbox used in the DSS GUI and demonstrates its application along with 

the vision loss functionalities 
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Results Panel 

The results panel or the message box uses a static text box to display information on all the GUI 

functionalities. It may also present error or warning messages to solve potential issues when 

running a specific GUI function. The results panel is connected to each GUI function through 

handles. Figure 5-49 shows examples of the results panel providing general information about 

the central and peripheral vision loss condition. For example the information on central vision 

will display on the result panel every time the researcher clicks on the radio button selecting 

central vision loss as a condition.  

 

 

 
Figure 5-49: Results panel providing general information on central and peripheral vision loss  

 

Navigation Elements 

The navigation elements were made up of the exit button and the demonstration button that took 

the user to a web-based video that was created to demonstrate the various GUI functionalities 

to the potential users. For future applications, the navigation functionality will be useful to fetch 

most of the prescriptive knowledge on designing spaces and to get detailed knowledge on the 

impact of a vision loss condition for design purposes.  

 

Each callback function, when activated, reads a unique value that would be either entered by 

the user or will read output values from another callback function. Handles and global variables 

were used to grab output values from one callback function to feed as input into another 

callback function within the UI.  

According to Mathworks (2015), when building a MATLAB GUI 

 

If several functions all declare a particular variable name as global, then they all share a 

single copy of that variable. Any change of value to that variable, in any function, is 

visible to all the functions that declare it as global.  
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Similarly, a function handle can be used to pass one function to another function (Mathworks, 

2015a). For this prototype the original input image was set as global. By doing this, the user was 

able to control the callback functionalities on a selected input image. Figure 5-50 shows the 

connections diagram between various DSS GUI functionalities. This figure shows that the 

listbox, presentation panel, and the results panel are interoperable between all the DSS 

functions. This diagram can be used to alter the DSS design for future purposes. 

 
Figure 5-50: Connections diagram between various DSS GUI functionalities  

 

Output Operations  

The output results were presented in the form of 2D imagery. The output results were saved on 

individual systems using the function imwrite. In an attempt to demonstrate the use of masking 

overlay on top of the original image, the researcher used the AlphaData function. However, the 

AlphaData function only performs modifications on the image displayed on the GUI screen. This 

function does not modify the color channels of the image. Hence, the researcher was not able to 

capture the original image data. The researcher was unable to find an alternative to apply the 

AlphaData function with multivariate Gaussian parameters that could produce the same results 

on the image data as well as the displayed figure. For this reason, the researcher could only 

capture the screen shot of the image displayed on the presentation panel. This is noted as a 

drawback of this function as the image resolution would vary based on individual computer 

screen resolution. The researcher had little experience developing complex algorithms with 
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MATLAB. Consequently, the output results are considered as a fuzzy representation of what 

can be created. For future research purposes there is a need to find mathematical solutions to 

alter the channels of the image without affecting the resolution of the image. This may also 

enable functionalities to perform quantitative evaluations of the images in future.  

 

In addition to saving 2D representations, the prototype tool also provided functionality to save 

the input values of the vision loss overlay. These values were saved into a *.MAT file. This file 

was placed at a default location previously set on the user’s machine. Load button can be used 

to retrieve values from the *.MAT file. The load button can fetch previously saved values from 

the default location on the user’s machine and load the appropriate vision loss algorithm on a 

given input representation.  

 

5.7.3 Category 3: Design Re-representation for Older Persons with Vision Loss (DSS 

Output File) 

Prototype syntax was developed to produce output files that sufficiently communicate design 

ideas by re-representing design for older persons with vision loss among participating design 

professionals. The working prototype and the design re-representations were used as a platform 

to seek user feedback on acceptance of the design approach for professional purposes. The 

user feedback would be used to prepare a framework of software engineering requirements of 

the actual system in future.  

 

5.8 Techniques Used to Represent the Final DSS Prototype Tool   

The following design techniques suggested by Pressman (2010) were used to construct the 

software for the DSS tool. 

The following design techniques were used to represent the DSS prototype tool.  

– Applies to early stages of design 

– Is interoperable with common design tools (CAAD) 

– Has easy to understand outputs 

– Supports decision-making 

 Uses precedents to inform the DSS development. 

 Integrates vision loss algorithms within the prototype interface  
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 Identifies and uses open source GUI libraries and database to construct mathematical 

functions for the tool.  

 Develops an easy to use GUI environment and inexpensive method of conducting effective 

design features. 

 Develops a quick design prototype GUI environment on a relatively simple, easy to use, and 

widely established scripting tool that needs a minimal learning curve. 

 Develops mathematical functions with simple click and drag functions such as sliders, radio 

buttons, and push buttons to demonstrate the vision loss progression and other GUI 

functionalities. 

 Develops a GUI environment within a standalone executable application  

 

5.9 Study Limitations of the DSS Prototype Tool  

During the prototype GUI development process, the researcher has identified the following study 

limitations:  

– The researcher has approximated vision loss representations based on precedents and 

expert feedback. It is difficult to exactly simulate space representations as the eye sees it. 

The researcher anticipated that the re-representations would inform architects on the 

particular low vision condition.  

– The researcher developed appropriate representations for only two types of vision 

conditions affecting older persons:  central and peripheral vision loss. 

– The DSS prototype tool demonstrates interoperability issues to CAAD platforms. 

Consequently, the input files cannot be directly exchanged or transferred between the 

prototype and common CAAD tools such as AutoCad, 3D studio, Revit, Rhino, and 

Radiance. Tackling interoperability issues should be considered when developing the actual 

system in future. 

– Tools such as Radiance require high computational power to simulate photometric 

renderings with real world lighting qualities. However, due to time and budget constraints the 

resolutions are often lower than preferred.   

– Currently literature lacks reliable data resources on using vision loss representations to 

inform early design decision-making.  

– Sensations such as perception, movement, touch, audition, and olfaction, cannot be 

simulated with simple 3d pictorial scene renderings. User behavior patterns such as head 
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and eye movements are not only difficult to simulate, but there is limited literature to support 

the application.  

– Aspects related to translating cognitive knowledge on how the brain functions for design 

decision-making were not considered in this study.  

 

5.10 Conclusion  

Development of the working prototype tool culminates the prototyping process. In the 

proceeding chapters, the researcher will discuss the involvement of expert user groups in the 

development and testing of the prototype tool. The researcher used prototyping process, 

collaborative design case study process, and expert validation to identify potential gaps in the 

prototype. As a result of each phase, the researcher has incorporated a few changes and 

additions to the design of the prototype tool. 
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Chapter 6: Collaborative Immersive Design Case Study 
 

This chapter is a detailed elaboration of the methods and outcome of the collaborative 

immersive design case study. 

 

6.1: Qualitative Research 

In the prototyping phase a DSS tool was designed as an early stage representation tool to 

facilitate the design of environments for older persons with visual impairments. This working tool 

was considered as a preliminary interface design that was used to demonstrate the DSS 

functionalities among expert professionals. One of the major objectives of this study was to 

determine the usefulness of the prototype tool during the early architectural design process. 

Consequently, in the third phase of this study, the researcher used a naturalistic system of 

inquiry via qualitative research to demonstrate the usefulness of the tool among experts. Figure 

6-1 shows the DSS interface design evolutionary cycle adopted from Pressman (2010).  

 

 
Figure 6-1: DSS interface design evolutionary cycle adopted from Pressman (2010) 

 

A qualitative research approach was used, involving established architects, designers, and 

vision experts to evaluate the usefulness of the preliminary working DSS interface developed 

during the prototyping process. The goal of qualitative research is to gain a holistic overview of 
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the study’s context (Miles and Huberman, 1994, p.6). It involves gaining an understanding of 

how people in real world situations make sense of themselves and their environments, which 

can be achieved using a variety of tactics. The researcher used qualitative research evaluations 

to develop design guidelines and improvements that can help researchers develop the next 

interface of the DSS tool.  

 

According to Pressman (2010), the interface design process follows an evolutionary interface 

design cycle until the development of a fully functional and usable DSS tool is complete. The 

following two successive qualitative research phases were conducted among expert 

professionals to determine the usability of the prototype tool to improve decision-making when 

designing spaces for older persons:  

 Collaborative immersive design case study 

The researcher recruited professional design and vision science experts. The 

participants beta-tested the prototype tool using a case study of a facility for older 

persons during semi-structured, open-ended interviews with the researcher. 

 Expert validation  

The researcher recruited design and vision science professionals to conduct a post-

demonstration study. The participants used demonstrations of the prototype outputs re-

representing selected case study spaces to evaluate the utility of the prototype tool 

during semi-structured, open-ended interviews with the researcher. 

 

Figure 6-2 shows the use of the qualitative research process during this study.  

 

 
Figure 6.2: Qualitative research process highlighted 
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6.2 Rationale for Following a Case Study Approach 

Even though professionals could evaluate the usefulness of the prototype tool by implementing 

it for an ongoing design project, this approach was not followed for this study due to the 

following potential problems: 

– The method is comparatively more time consuming, as the researcher would require 

professionals to participate in more than three interview sessions to conduct this study. Not 

all professionals would be comfortable committing to these timelines. 

– Design professional might get carried away with designing the space, using personal 

experience, instead of focusing on the capabilities of the prototype tool for decision-making 

when designing spaces for older persons with vision loss. 

– Design professionals are biased about their own design projects and probably would not be 

comfortable detecting design flaws for their own design and providing negative feedback on 

the original design decisions during the interviews. It would be difficult for the researcher to 

control biases during the interviews and thus the research outcomes may not be accurate.  

– Typically professional firms can take anywhere from a minimum of a year to three years to 

complete a project. For successful application of the implementation research approach, the 

researcher would need to commit to this timeline for every single study, which is not always 

possible. Unforeseen issues such as abandonment of the project in middle of the project 

due to budget constraints may leave the researcher in a predicament concerning the study 

outcomes. Tracking everyday use of the tool may not be accurate. Not all projects or firms 

may be willing to commit to such a lengthy period of study.  

– More importantly, an early stage DSS prototype tool is not appropriate for professional 

implementation without prior beta testing or revisions based on expert suggestions.  

 

6.3 Overview of Collaborative Immersive Design Case Study Method 

Given that the prototype tool is currently not appropriate for professional implementations, after 

the prototyping process, professional experts were invited to participate in the collaborative 

immersive design case study process. Figure 6-3 shows the map of the collaborative immersive 

design case study process.  



213 

 

 
Figure 6-3: Map of the collaborative immersive design case study process 

 

The study was conducted in three major steps:  

 Prepared demonstrations of a selected case study, in order to facilitate interview 

responses from expert participants. 

 Conducted semi-structured, open-ended interviews with selected expert participants. 

 Analyzed interview responses and established the findings. 

 

During the interviews, the researcher used 2D scene renderings and photographs of a case 

study facility serving older persons to demonstrate the application of the prototype tool to 

represent spaces as seen by older persons with vision loss. Semi-structured, open-ended 

questions were used to establish expert opinion on the usability of the prototype tool to inform 

early decision-making while designing spaces for older persons with vision loss. The objectives 

of the collaborative immersive design case study were as follows: 
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 To develop real world photometric 2D scenes of a purposefully selected case study of a 

facility serving older persons. 

 To immerse four to six purposefully selected experts in beta-testing of the working prototype 

tool for a design problem using the case study project. 

 To use open-ended interviews to capture the first human experience with using the tool. 

 To use open-ended interviews to determine the usefulness of the prototype tool to assist the 

architect’s early stage decision-making capabilities while designing spaces for older persons 

with vision loss. 

 To gather expert feedback on improving the design decision-making capabilities of the DSS 

prototype tool for future application.  

 

The objectives and outcomes of the collaborative immersive design case study are elaborated in 

the following sections.  

 

6.4 Case Study of a Facility Serving Older Persons  

Section 6.1 elaborated on the rationale for not using a real design project for this study. Thus, 

the researcher chose to use a case study design scenario to test the usability of the prototype to 

support the architect’s design decisions. The researcher’s intention was to use the DSS 

prototype tool when designing spaces for older persons with vision loss. Consequently, the first 

task of this study was to select a case study site. During site visits, the researcher identified 

spaces that potentially demonstrate design flaws that could impair accessibility for older persons 

with vision loss. The photometric representations of these spaces were developed after the site 

visit using rationales for developing DSS input files discussed in Section 4.5. These tasks are 

described in detail below. 

 

6.4.1 Case Study Selection Process 

The data gathered by Harris-Kojetin, et al. (2013) found that most of the persons in long-term 

care services such as nursing homes, retirement centers, community centers, assisted living, 

and hospice facilities were aged 65 and ever. One-third of nursing home residents have 

impaired vision, including poor eyesight and blindness (Brawley and Noell-Waggoner 2008; 

Tielsch, et al., 1995).  
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A single case study project representative of a typical facility meant for older persons was used 

as an instrument to demonstrate the design decision-making capabilities of the prototype tool to 

expert participants. In order to find consensus concerning the usability of the early prototype 

interface, the researcher captured all of the participants’ opinions using the same set of 

questions. The objective of the case study selection was to capture the circumstances and 

conditions of an everyday or commonplace situation. Lessons learned from the case study are 

assumed to be informative about the experiences of an average institution. The researcher was 

accompanied by an additional observer (a stakeholder) to help make casual observations and 

for final screening of the case study. The stakeholder is a customer of the Center for High 

Performance Environments (CHPE).   

 

Selection criteria for screening case study sites were as follows:  

– Select a facility that serves older people.  

– Evaluate the existing design strategies used in the facility’s transition spaces such as 

corridors, lobbies, atriums, and entrance vestibules for noticeable space design issues. 

– Conduct further screening based on the willingness on the part of facility management to 

participate in the research. 

– Determine requirements and restrictions to access the facility. 

– Determine the requirements and restrictions to photograph the facility and to get measured 

drawings. 

– Find a case study site located within close proximity to the researcher or an easy commute.  

– Determine if the facility would permit access to the site on multiple occasions as may be 

required for the study. 

 

Friendship Retirement Community: Residents Center 

Friendship Retirement Community (“Friendship”) is an active living community for older persons. 

It is located Roanoke, Virginia, which is an easy commute to Virginia Polytechnic University and 

State University. Friendship provides services such as independent living, assisted living, and 

rehabilitation. The Resident Center was the highlight of the Friendship campus. It provides daily 

activities such as wellness classes, church, and swimming, as well as administrative services, 

and is frequented by Friendship’s independent and assisted living residents during the day 

(friendship.us, 2013).  
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The researcher contacted Friendship’s director via e-mail, relating an interest in visiting the 

Residents Center. The e-mail message included a description of the research, its objective and 

the search for a case study site suitable for the evaluation of the prototype tool during the 

collaborative immersive design case study.  

 

Upon receiving the director’s approval, the researcher and the stakeholder visited the facility to 

evaluate its potential. During this visit, the researcher and the stakeholder conducted a casual 

inspection of the interior spaces of the Friendship Residents Center. The researcher was able to 

identify features that could be used to demonstrate the application of the prototype tool. Figure 

6-4 shows the view of the Friendship Residents Center.  

 

 
Figure 6-4: Entry to Friendship Residents Center  

 

The Friendship Residents Center is a single story structure and has simple layout that is easy to 

document. The facility is open between 8 a.m. to 6 p.m. Figure 6-5 shows the functional layout 

of the Friendship Residents Center. Major functional spaces such as the dining area, chapel, 

administrative offices, and recreation spaces occupy the four corners of the structure and are 

connected by a central navigational hallway. A lounge was located in the center of the hallway. 
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Figure 6-5: Functional layout of the Friendship Residents Center. 

 

The researcher spent a few hours observing the activities in the central lobby and the hallway. 

Figure 6-6 is a photograph of the entrance hallway and the lounge taken during the site visit.  

 

    
Figure 6-6: Friendship Residents Centers’ hallway (Left), the lounge (Center) and its patterned wall-to-wall 

carpet (Right) 
 

The researcher noticed that the design of the hallway would possibly impact the functional 

accessibility of the older residents while moving through the hallway to get to the activity areas. 

The wooden flooring in the entrance hallway transitioned into carpeted flooring for the lounge. 

Walking through carpeted flooring with a busy pattern can be difficult for older persons with 

vision loss. It appeared that the lounge’s red upholstered sofas were intentionally placed in the 

middle of the hallway. This could pose an obstacle for older persons with vision loss as they 

might find it difficult to avoid the seating while moving through the hallway. The researcher also 

found varying light and contrast levels while moving from the entrance to the farthest activity 
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areas such as the indoor swimming pool area. Figure 6-7 shows the transition between the main 

hallway and the corridor connecting the indoor swimming pool area using pictures taken during 

site visit.  

 

   
Figure 6-7: Transition between the main hallway (Left) and the corridor connecting the indoor swimming 

pool area (Right) 
 

The researcher could use the prototype tool to demonstrate the effect of the convoluted shape 

of the corridor connecting the hallway to the swimming pool area on functional accessibility of 

older persons with vision loss. Demonstrating the representation of the hallway for older 

persons with central or peripheral vision loss among expert participants would help the 

researcher find opinions on the usability of the prototype tool.  

 

Since this facility satisfied some of the major site criteria, the researcher approached the 

administrators via e-mail to get their approval in carrying forward the study. In order to use this 

facility for the study, the researcher had to make sure that the administrators provided full 

permission to conduct photo documentation and get physical measurements of the facility. 

Additionally, the researcher also required a hard copy of the building floor plans. The 

documentation was essential in order to develop nearly accurate digital models of the required 

interior spaces. Friendship administrators were happy to be a part of the study and responded 

positively with permission to use the facility and to conduct the documentation. Thus, Friendship 

satisfied all the selection criteria and was the exclusive choice for this case study.  

 

6.4.2 Case Study Documentation  

For the interviews, the researcher intended to use real world photometric 2D scene renderings 

and photographs of the site to demonstrate the application of the prototype tool. For this 
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purpose, the researcher needed to take real space measurements, take photographs, and 

gather site floor plans. The researcher approached the assistant director of the Friendship 

Residents Center via e-mail to schedule a visit to conduct a tour of the building for purposes of 

documentation. Permissions were required for conducting the following tasks:  

 To collect a hardcopy of the building floor plans. 

 To take physical measurements of the building. 

 To photograph site surroundings and building interiors.  

 

Friendship had only one hardcopy of the Residents Center’s floor plans, which was developed 

during the renovation process in 2011 by the architecture firm, Hughes Associates, Architects 

and Engineers. However, the researcher was allowed to make photocopies of the floor plans. 

Figure 6-8 shows a screen shot of the digital picture of the Residents Center’s floor plans. The 

floor plan, sections, reflected ceiling plan, and the lighting fixture plan were referred to while 

developing the CAAD 3D model.  

 

 
Figure 6-8: Digital picture of the floor plan – Residents Center, Friendship Retirement Community 

 

Figure 6-9 shows the demarcation of the area between the entrance, lounge, and the indoor 

swimming pool. As suggested in Section 6.3, the existing design of the navigational path 

connecting the main entrance, the lounge, and the indoor swimming pool area were selected for 

documentation during the site visit. The researcher used the prototype tool to demonstrate the 

impact of the existing design on the functional accessibility of an older person with vision loss 

while moving from one end of the hallway to activity areas. 

 



220 

 

 
Figure 6-9: Demarcation of hallway between entrance, lounge and indoor swimming pool 

 

The rationales suggested in Section 4.5.8 on validating photometric lighting quality of design 

representations were used to capture the real world photometric quality of the space. As 

suggested, varying exposures of photographs of a scene were taken on a Nikon D300 camera 

set on tripod standing at a height of 5’3”. These photographs were merged together on 

Photosphere to make a high dynamic range (HDR) image. Separate HDR quality photographs 

were taken at every intersection along the hallway. The researcher also captured HDR 

photographs of the floor finishes along the hallway. The photographs were needed to assign 

material definitions to the 2D scene renderings on DIVA for Rhino.  

 

6.4.3 Case Study: Development of Case Study Scene Representations  

Section 4.5.1 has discussed the rationale for developing DSS input files (photometric 

representations). HDR site photos and real world photometric 2D scene rendering of the case 

study were used as DSS input files during this collaborative immersive design case study 

process. Developing real world photometric 2D scene rendering on a Radiance interface is 

complex and time-consuming. The researcher used the documented site data to develop base 

drawings and case study representations required for the interviews. In order to limit the number 

of one-on-one interactions with the participants, the researcher developed the following case 

study documents for interview purposes:  

 HDR photographs of the case study (prototype input files). 

 Real world, photometric scene representations of the existing case study design 

representations (prototype input files). 
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 Case study re-representations as seen by older persons with vision loss (prototype 

output files). 

 Case study walkthrough demonstrations (prototype output files). 

 Output representations demonstrating the application of the prototype design tweaks 

(prototype output files). 

 

Preparing Prototype Demonstrations 

Photosphere was used to merge varying exposures of LDR photos of a given scene taken 

during the case study site visit to make HDR photos. HDR photos were developed using 

specifications from Section 4.5.8: “Validating photometric lighting quality of design 

representations.” Figure 6-10 shows the photo-demonstration of the steps used to develop the 

2D photometric image renderings.  

  

   

  

                
Figure 6-10: Photo-demonstration of the steps used to develop 2D photometric renderings 

  

The 3D model of the hallway area between the entryway and the indoor swimming pool area 

was developed on the CAAD interface Rhinoceros 5 using the site photographs and physical 

Case study Sketch Layout Case study AutoCAD Layout Case study Rhino 3D Model  

Rhino Perspective 3D View: Hallway 
Rhino Perspective 3D View: Pool Area 

DIVA for Rhino Visualization Tool DIVA for Rhino 2D Representation: Pool Area Corridor 
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measurements. Rhino’s camera and target tool was used to capture perspective views along the 

selected hallway. DIVA for Rhino used these views to simulate photometric 2D scene 

renderings of the case study. Photosphere was used to save these renderings to HDR and in 

JPG format. The detailed method of developing the renderings has been described in Section 

4.5.6: “Parameters used to display the dynamic nature of the space using partial walkthrough.” 

Figure 6-11 shows the site photos and the 2D rendering of the entryway, depicting the hallway 

that connects the entrance to the indoor swimming pool area. Figure 6-12 shows the site photos 

and the 2D rendering of the hallway, viewing the central lobby. Figure 6-13 shows the site 

photos and the 2D rendering of the corridor connecting the hallway to .the indoor swimming pool 

area.  

 

 
Figure 6-11: Site photos and 2D rendering of entrance foyer, hallway connecting entrance to the indoor 

swimming pool area, entry canopy and exterior entrance 
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Figure 6-12: Site photos and 2D rendering of the hallway, viewing the lounge  

 

 
Figure 6-13: Site photos and 2D rendering of the corridor connecting the hallway the indoor swimming 

pool area 
 

During the interviews the researcher had to demonstrate prototype outputs to get user feedback 

on the usability of the prototype tool to inform decision-making when designing spaces for older 

persons with vision loss. The demonstrations were also useful in getting suggestions to improve 

the prototype tool. Consequently, the researcher conducted various prototype operations on the 

2D renderings. These prototype outputs were developed to demonstrate adequately the working 

of the prototype tool among the participants. Section 5.7.2, “Category 2: DSS GUI operations” 

describes all the prototype operations in detail. The following prototype outputs were used to 

demonstrate the application of the prototype tool.  
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 Prototype output image representations showing the progression of central and 

peripheral vision loss among older persons.  

 Prototype output that demonstrated partially animated movement from one end of the 

hallway to the other end. The files are saved as audio video interleave (AVI) file format 

(prototype output files). 

 Prototype outputs that demonstrated the design tweak options that included altering the 

contrast and brightness of the representations and luminance map representations.  

 

During the interviews the researcher used the PowerPoint (PPT) presentations to introduce the 

case study and to demonstrate the prototype outputs to the participants. The participants used 

these demonstrations to provide opinions on the usability of the prototype tool. The 

demonstrations were also useful in helping the participants provide suggestions on improving 

the prototype tool for design purposes. The researcher created a folder on Dropbox containing 

the PPT presentations for the collaborative immersive design case study interviews, the case 

study HDR images, and the 2D renderings. Access to this folder was made available to the 

participants a couple of days before the interviews via “CasestudyFriendship_documents” on 

Dropbox. The Dropbox location of the documents is available on Table Appendix C-1. 

Preparation of the case study documents marked the end of the first step of the collaborative 

immersive case study design process. The following sections will discuss the interview process 

and the findings of this study.  

 

6.5 Collaborative Immersive Interview Process 

In the design of spaces for older persons with vision impairments, one of the major challenges 

an architect faces is the lack of early stage architectural prototypical tools to simulate the way 

visually impaired persons will experience the space. Once the working prototype DSS was 

developed, the research emphasis shifted from the prototype DSS development to the 

qualitative study on the usefulness of the prototype. The hypothesis of this study was that the 

design and vision research community would have confidence in the use of this prototypical tool 

to improve the design process.  

 

The prototype development was not aimed to serve users or decision makers in a particular 

organization, but rather to serve diverse practitioners working in organizations including, but not 
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limited to, architecture, interior design, and lighting design, involved in creating supportive 

environments for older persons. In order to elicit feedback on the usability of the prototype tool, 

it was essential to conduct semi-structured, open-ended interviews with professional experts 

related to design and vision science. Preparing a comprehensive feasibility study for diverse 

users would be a challenging task and would require a body of research in its own right. This 

study uses the qualitative naturalistic system, which according to Groat and Wang (2013), 

provides credibility to confirm the usability of the prototype among a selected expert user group.  

 

The first qualitative study was the collaborative immersive design case study. The researcher 

collaborated with four expert professionals in the field of building design and vision science to 

beta test the prototype tool and conduct retrospective, open-ended interviews. The participants 

were immersed in an architectural case study design problem using the prototype tool. Semi-

structured and open-ended questions were used to determine their impressions of the tool in 

supporting and improving design decision-making. The researcher captured user feedback and 

reactions on usability of the prototype. Interviews were also used to get first person experience 

of the research participants using the prototype tool during the immersive case study design. 

The feedback informs future studies focusing on developing the fully functional Design Support 

System (DSS) for designing facilities for older persons with vision impairments. 

 

6.5.1 Selection of Expert Participants  

As mentioned in Section 5.3.1 “Prototyping Cycle 2: Communication,” the collaborative 

immersive design case study interviews directly involved human interviewees. Therefore, it was 

important to obtain approval for the research protocol and supporting documents from the 

Virginia Tech Institutional Review Board (IRB) before the qualitative research process could 

begin. For this study, a set of proposed documents including research protocol, consent form, 

recruitment letter, presentations, the 5-minute survey form, and draft interview questionnaires 

were submitted via the IRB Protocol Management system. A two-part IRB approval was 

obtained to conduct this study as follows:  

 Initial IRB approval to present ongoing research and invite attendees at a low vision 

design conference to participate in this study. 

 An addendum to the initial IRB was approved to conduct the member checking study, 

the collaborative immersive design case study, and the final expert validation study.  
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The researcher needed the first IRB approval before presenting the ongoing research and 

inviting conference attendees. The researcher used the Virginia Tech’s IRB template protocol to 

provide an outline of various research phases that would be conducted during this study. 

However, the researcher informed the IRB that, as it was too early to submit all the documents 

required for conducting these studies, a protocol addendum would be submitted to the IRB in 

the near future. The IRB officer responded with a request to submit the wording for the verbal 

recruitment.  

 

Based on the IRB officer’s suggestions, the documents were resubmitted to the IRB Protocol 

Management system. The verbal recruitment, consent form, and survey questions can be found 

in Appendix B. Based on these documents the researcher obtained approval to present the 

ongoing research at the conference.  

 

Verbal Invitations to Attendees at Low Vision Design Committee Symposium 

The researcher and faculty researcher were invited to present the ongoing research at the Low 

Vision Design Committee (“LVDC”) Symposium, organized by the National Institute of Building 

Sciences (NIBS) on January 9, 2014. LVDC attendees and presenters included policy makers 

and experienced professionals from the architectural design, lighting design, and healthcare 

industry. These attendees are actively involved with creating supportive environments for 

persons with low vision. The attendees of the NBS-LVDC Symposium contributed greatly to the 

success of this research.   

 

Before the presentation, the researcher verbally invited the attendees to participate in a 5-

minute survey as a part of the study. At this point the purpose of the survey was clarified: The 

attendees’ responses would be used to gather a database of experts who might be willing to 

participate in the study. The researcher used consent forms to get permission to contact them 

directly via e-mail to determine their interest in volunteering for the study. The consent form also 

briefly informed them of the purpose and goals of the research. A numbered coding system was 

used to indentify the attendees who provided consent and participated in the survery. Interested 

attendees were able to access the paper survey questionnaire and the consent form from a 

table kept at the far end of the room. At the end of the presentations the interested attendees 
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dropped the completed consent forms and surveys into a box on their way out of the room. This 

ensured confidential participation of the volunteers, and marked the end of the first step of the 

invitation process. At the end of this presentation the researcher had a database of volunteers 

with experience in creating supportive environments for older persons and persons with vision 

loss. Later, interested volunteers were approached directly via e-mail to determine their level of 

interest in study participation.  

 

E-mail Invitations to Low Vision Design Committee Volunteers 

After the NIBS presentation an addendum to the initial protocol was submitted to the IRB before 

starting the prototype member checking process, as explained in Section 5.3.1 “Prototyping 

Cycle 2: Communication.” The addendum included supporting documents to conduct semi 

structured one-on-one, open-ended interviews for all the research phases involving human 

interaction. The researcher’s experience with the first IRB procedure expedited preparation of 

documents required for the addendum submission and. IRB Protocol Management provided 

approval for the addendum without asking for additions or changes. The faculty researcher was 

the primary investigator overseeing the process and obtaining consent from the volunteers. The 

supporting documents for conducting the three phases can be found in Appendix B.   

 

For the collaborative immersive design case study, the researcher required four to six 

experienced practitioners, each related to the field of design and vision science, to participate in 

the study. The expert professionals were selected based on maximum variation sampling. The 

experts represented a wide range of experience related to the topic. Volunteers with the 

requisite experience were welcome to participate in the study, regardless of age, gender, health 

status, or ethnicity.  

 

Eight volunteers who provided consent to be contacted during the NIBS presentation were 

invited via e-mail to be screened for participation in the collaborative immersive design case 

study process. Out of these, there was one lighting engineer, two lighting designers, one vision 

science researcher, one interior designer, and three architects. The recruitment e-mail briefly 

described the initial interaction during the symposium and included the following information 

about the study: 

 Method used to conduct the collaborative case study immersion 
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 Participants’ role  

 Tasks to be performed during the study 

 Time commitments required by participants  

 Non-disclosure clause to maintain confidentiality 

 

Accordingly, the recipients were invited to participate in a remote open-ended interview to beta 

test a prototype design assistance tool intended to re-represent architectural models as seen by 

persons with vision loss. The researcher suggested that the application of the new tool would 

allow architects to see their design proposals from the perspective of visually impaired persons 

and, consequently, to improve their design decision-making process. The decisions to 

participate in the study were based on their availability and the amount of time they could devote 

to the study.  

 

Selection Criteria and Introduction of Expert Professionals  

In response to the e-mail invitations, two out of three architects and one out of the two lighting 

designers declined the invitation and were unavailable to participate in any capacity due to prior 

work commitments. The lighting engineer had a strong interest in participating in this study. 

However, the researcher was unable to allow that person’s participation, as the interviewee 

suffered from a degenerative vision loss condition and may not have been able to beta test the 

prototype tool. Moreover, the study was targeted towards professionals related to the design 

field rather than towards engineers.  

 

Variation of Participant’s Background 

The maximum variation sampling technique was used to select participants, as this technique 

provides the widest possibility of selecting a sample group that represents a larger user 

population. The maximum variation sampling technique involves defining the maximum range of 

a participant's settings or contexts, and then selecting research participants from the available 

participants in the defined settings or contexts (Patton, 2005). The target group for this study 

includes potential users of the prototype tool, described as decision makers and designers 

involved in creating supportive environments for older persons, e.g. vision science experts who 

handle cases of older persons with vision impairments on a daily basis. Each participant was 

intentionally selected to have expert knowledge. Four volunteers (one architect, one lighting 
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designer, one interior designer, and one vision science expert) who indicated interest in 

participating in the study met the research criteria. This group of participants was assumed to be 

representative of a larger end user population. Figure 6-14 shows the maximum variance 

sampling of the participants in the collaborative immersive design case study.  

 
Figure 6-14: Maximum variance sampling - Collaborative immersive design case study  

 

To understand the relationship between the participants and the end user population, it is 

essential to understand each participant’s background involving facilities for older persons. The 

experts represented a wide range of experience related to the topic, as described below: 

 

Participant 1 (“P1): P1 is low-vision rehabilitation specialist, a practicing medical optometrist, 

and an assistant professor of ophthalmology at the Mayo Clinic in Minnesota. P1 has 

collaborated with several architects and lighting designers on research focusing on designing 

supportive indoor environments for older persons. P1 was a good fit for the study due to the 

participant’s interest in understanding the effects of architectural indoor design on persons with 

vision loss. The researcher collaborated with the participant during the prototype member 

checking study to develop vision loss functions. During the prototyping process the participant 

evaluated the appropriateness of photometric re-representations demonstrating effects of vision 

loss for indoor environments. The final algorithms used to represent central and peripheral 

vision loss were developed largely based on the participant’s feedback and approval. The 

researcher approached P1 again to evaluate the complete prototype tool and its application to 

architects when designing assist spaces for older persons. As a part of the maximum variance 

sampling, the participant demonstrated significant experience dealing with older persons with 
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vision impairments on a daily basis but had little experience designing supportive environments 

for older persons with vision loss.  

 

Participant 2 (“P2”): P2 has close to fifty years of architectural design experience, with thorough 

knowledge of architecture, engineering, and construction issues, and serves as a construction 

arbitrator for the American Arbitration Association. P2 is the owner of a design firm focusing on 

designing environmental learning centers and program management. P2 provides affordable 

design consultation for assisted living, education, and public projects. As part of the maximum 

variance sampling, P2 demonstrated significant experience with designing facilities for persons 

with vision loss but little experience with daylighting design, photometric modeling systems, and 

vision science. 

 

Participant 3 (“P3”): P3 has ten years of work experience as an architectural lighting designer for 

a wide range of educational, commercial, and public facilities. P3 specializes in advanced 

modeling to predict energy savings and occupant behavioral patterns. The participant has 

collaborated with healthcare researchers to understand lighting design for elderly persons as 

well as persons with vision loss, which made the participant an appropriate choice for this study. 

As a part of the maximum variance sampling, the participant demonstrated significant 

experience as a building lighting specialist and in developing real world photometric models but 

demonstrated little experience in architectural design and vision science. 

 

Participant 4 (“P4”): P4 is an assistant professor working towards identifying interior design 

typologies that produce negative effects for users with low vision. P4’s research goal is to study 

the role of contrast in interpreting spatial quality and visual information. As a part of the 

maximum variance sampling, the participant had significant experience in the field of interior 

design but little experience with architectural design, daylighting, developing real world 

photometric models, and vision science. 

 

All the participants were active LVDC members.  The participants were each instrumental in 

developing the LVDC Design Guidelines for the Visual Environment. Each of them has provided 

knowledge pertaining to their field of expertise. In the United States, these guidelines are the 

first of their kind. The guidelines offer assistance to design professionals and others in 
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accommodating a growing segment of the population who live with the spectrum of disorders 

contributing to low vision. 

 

For this study, the researcher collaborated with expert professionals to beta-test the prototype 

tool. The researcher was also involved in all the planning and development phases of the 

design assistance prototype tool. Consequently, in addition to the interview responses, the 

researcher’s personal experiences during the research were qualitatively analyzed to interpret 

the usefulness of the prototype tool. The outcomes are demonstrated separately in Section 6.7, 

“Qualitative Data Analysis Process.” 

 

Researcher’s Background: To identify any potential bias in the scope of research, a brief 

discussion of the researcher’s background is offered here. The researcher has nearly five years 

of professional design experience and approximately ten years of design research experience. 

The researcher has three years of professional architectural design experience in India (2003-

2006). The researcher has also practiced as a sustainable designer, energy analyst, and 

performance design specialist while working for the architectural firm Skidmore Owings and 

Merrill in the United States.  

 

6.5.2 Interview Technique 

An ophthalmologist, an architect, a daylighting design specialist and an interior designer for 

vision-impaired persons volunteered to participate in the study. Each participant is a 

representative of the larger community serving the architectural design, lighting design, interior 

design, and healthcare industries. These participants are actively involved in creating supportive 

environments for older persons.  

 

The experts interested in participating in the study accepted the researcher’s invitation via email. 

The researcher and the participants exchanged e-mails to schedule the three one-on-one, open-

ended interview sessions. The researcher attached a consent form and a 5-minute short survey 

questionnaire to the e-mail confirming the interview dates and times. The survey was used to 

get background information on the participants and to understand their initial thoughts on the 

application of a decision support tool when designing spaces for older persons with vision loss. 

The consent form briefly informed them of the purpose and the goals of the research. The 
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consent form also provided an outline of the interview procedure and timelines. The information 

about the location of Dropbox folder with prototype executable case study documents and 

presentations were also shared along with this e-mail. Due to the semi-structured and open-

ended interview responses, the researcher captured the participants’ emotions in the interview 

communications using digital audio recording. These recordings were used to perform manual 

transcriptions later on in the study. With the form, the researcher obtained the permisson of 

written consent from the participant to allow the use of audio recording. None of the participants 

rejected the use of audio recording. In fact they were keen to record their responses, to get 

better results during the qualitative analysis process.  

 

Based on the research protocol, the participants were encouraged to review the consent form 

and fill and return the survey questionnaires before the interviews. Consent was collected 

verbally at the beginning of the first session of the interviews. This provided the participants 

ample time to review the consent form. According to the consent letter the researcher would 

proceed with the interviews only if the participant acknowledged the conditions and provided 

voluntary verbal consent. Participation was voluntary and the participants had the liberty to opt 

out at any point in the study. However, all participants willingly attended the interviews and were 

accommodating in fulfilling the study requirements.  

 

Three interview sessions were conducted in the form of remote meetings via Gotomeeting 

interactions, at times convenient to the participants and in the form of online audio/video 

conferences. “Gotomeeting” is an online medium to connect with anyone with access to a 

computer and Internet. This application is used to schedule online meetings and perform 

audiovisual and text-based interactions between two or more parties. Gotomeeting provides 

screen-sharing capabilities, which were used by the researcher to demonstrate the application 

of the prototype tool and the case study representations using PowerPoint presentations. The 

participants used screen sharing so that the researcher could guide them about the prototype 

functionalities during the beta testing process. Additionally, the researcher was able to track the 

participant’s screen to see how they used the tool. Gotomeeting was a more efficient method of 

conducting interviews compared to Skype. The Skype application is used to perform audiovisual 

and text-based communications between any two parties in an online forum. It also provides 

screen-sharing functionalities. However, in order to communicate via Skype, the parties must 
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share personal identification and account details with each other. Due to confidentiality, the 

participants were not comfortable sharing personal Skype account identification for research 

purposes. In comparison to Skype, the participants did not need to have an account to use 

Gotomeeting to participate in the interviews. The researcher sent out links to use the 

Gotomeeting application during the interviews via e-mail. 

 

The first interview was expected to be at least ten minutes in length, whereas the second and 

third rounds of interviews required at least 45 minutes each. The study used in-depth interviews 

as a means to collect responses on the usefulness of the prototype DSS from the research 

participants. All participants were required to perform the same set of activities during the 

interviews, as follows:  

 Provide personal design and research background information using a short 5-minute 

survey prior to the interviews. 

 Provide information on the design approach used to design supportive environments for 

older persons with vision loss. 

 Install the prototype design assistance tool on a personal use computer prior to 

conducting open-ended interviews. 

 Use existing case study design representations provided by the researcher to beta test 

the working prototype tool.  

 Provide information on the experience of beta testing the prototype design assistance 

tool in terms of the prototype functions, its organization, and its ease of use.  

 Participate in case study demonstrations re-representing existing space design as seen 

by older persons with vision loss.  

 Use these case study demonstrations to identify design flaws that may potentially impair 

accessibility for older persons with vision loss.  

 Propose design ideas to mitigate the above mentioned design flaws that may potentially 

improve accessibility for older persons with vision loss.  

 Provide opinions on the usability of the design assistance tool to improve decision-

making when designing spaces for older persons with vision loss. 

 Provide feedback on improving the design assistance tool to better inform decision-

making when designing spaces for older persons with vision loss. 
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6.5.3 First Round: Presenting Research Objectives and Prototype Installation Process  

The first round of interviews was about ten minutes long and involved semi-structured, open-

ended demonstrations. The researcher introduced the research objectives, the prototype 

installation process, and the case study project. The participants downloaded the prototype 

installer and demonstration files that summarized the case study and the interview questions 

from an online web drive location. The researcher prepared separate standalone prototype 

application compatible with Windows 32 bit and 64 bit and OS X computer configurations. After 

the first interview, the participants used demonstration videos and a user guide provided by the 

researcher to install the prototype tool. The prototype application installed on the participants’ 

computer allowed them to use the tool with a high degree of freedom. The researcher was 

available to assist participants who requested additional support during the installation process. 

P2 successfully installed the tool on the user computer using additional interaction with the 

researcher. P1 had trouble installing the tool since the MathWork’s runtime site was 

experiencing downtime. However, once this issue was resolved the participant installed the tool 

without much trouble. P3 and P4 installed the tool without trouble.  

 

6.5.4 Second Round: Prototype Beta Testing Process 

The main focus of the second interview was to get the participant’s feedback on the experience 

of beta testing the prototype tool, particularly related to its functionalities and organization when 

designing spaces for older persons with vision loss. The beta testing was similar to the software 

acceptance test described by Pressman (2010). However, in this study the researcher 

conducted in-depth interviews, whereas the conventional beta test is conducted using a 

customer report mechanism to understand the benefits and problems with the software 

application being studied. The understanding gained from this study can be used as guideline to 

develop the full version DSS.  

 

All four participants had the prototype tool working on the personal computers that they used 

during the interviews. The participants transferred the case study demonstration files and scene 

representations from the shared web drive locations onto their computers to use them during the 

interviews.  The researcher began the second interview by demonstrating the application of the 

design assistance prototype tool to re-represent the case study scene representations as seen 

by older persons with vision loss. Demonstration representations of the progression of central 
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and peripheral vision loss of the selected case study spaces were used to get feedback on the 

reliability of the prototype tool functionalities as well as on the approximate vision loss 

algorithms. 

 

Semi-structured, open-ended interview questions were used to determine the participant’s 

experience of using the design assistance prototype tool in terms of its functionality, 

organization, and ease of use. The researcher used introductory case study demonstrations to 

gather information on the current practice to design spaces for older persons with vision loss. 

The researcher encouraged the participants to use these case scene representations to beta 

test the prototype tool functionalities. The participants used all the prototype functionalities 

including the design tweak capabilities such as the luminance map. The participants provided 

opinions on the usability of these capabilities to improve decision-making when designing 

spaces for older persons with vision loss.  

 

At the end of the second interview round the participants were encouraged to use the 

demonstration videos and to beta test the design assistance tool before the third interview 

round. The beta testing experience was used in the following interview round to get a 

participant’s feedback on the usability of the tool for decision-making when designing spaces for 

older persons with vision loss.  

 

6.5.5 Third Round: Case Study Design with Prototype Output Representations 

The main focus of the third interview session was to find the usability of the prototype tool to 

make better decisions to improve the accessibility design of the selected case study spaces for 

older persons with vision loss. The prototype output vision loss representations were used to get 

participants’ opinions on identifying case study design flaws that may potentially impair 

accessibility for older persons with vision loss. Additionally, based on these representations, the 

participants provided design ideas to mitigate identified design flaws.  

 

The participants were shown renderings and pictures of the case study facility to help them 

identify design problems particularly affecting older persons with low vision. The renderings 

approximately represented existing design conditions, such as the flooring, wall, and ceiling 

material, the basic lighting, and the furniture layout in the selected case study area. The 



236 

 

renderings were developed using the measured working drawings and high dynamic range 

images captured during the site documentation process. The design representations of the 

hallway were modified using prototype function to demonstrate the space as seen by older 

persons with central or peripheral vision loss. The researcher used demonstrated partial 

animations of the progression of the vision loss representation for the case study spaces. The 

prototype was used to simulate these partial animations before conducting the interviews. The 

researcher used these case study demonstrations to provide cues to help the participants make 

design judgments on improving the design. The researcher allowed the participants to analyze 

the simulations in detail.  

 

Due to the time intensive nature of incorporating the design changes in the CAAD model and 

developing new case study design renderings, the researcher only documented design 

rectifications verbally. The participants were not willing to invest time and effort in redesigning 

the selected case study spaces. Instead they provided elaborate responses on the design 

approach that they would use to modify the spaces and mitigate design flaws to potentially 

improve accessibility for older persons with vision loss. The researcher used an audio recording 

to document the participants’ responses on the case study design solutions. The researcher 

also gathered feedback to find how they used the low vision renderings to make case study 

design decisions and to discover if this functionality improved the participants’ design decision-

making capabilities. The information was mainly useful to find opinions on the reliability of the 

prototype tool to make better decisions when designing spaces for older persons with vision 

loss.  

 

6.5.6 Overview of the Interview Questions 

During the interviews, the participants were encouraged to answer the interview questions, 

which can be found in Appendix B. The researcher used software demonstrations with brief 

answers to participants’ questions concerning the study and the prototype DSS before the 

asking the questions. The simultaneous questions and demonstrations improved the efficiency 

of the interview process. The interviews were audio recorded with the participants' permission 

for data retrieval purposes. The participant’s feedback and the outcomes of the collaborative 

immersive design case study interviews will be discussed in the following sections. 
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After the interviews, the researcher analyzed the feedback to find commonalities between the 

design flaws and the design improvement recommendations provided by the participants. The 

third round interview questions were designed to gather feedback on improving the prototype 

tool functionalities. This user feedback is a useful guide for future research applications focusing 

on developing a full-fledged design assistance tool to help architects when designing spaces for 

older persons with vision loss. 

 

6.6 Research Data Analysis Process 

Due to active involvement through all the phases of the study, the researcher's interpretation is 

also crucial to the credibility of this study. Consequently, in addition to the participant responses, 

the researcher’s personal experience during the prototype development and beta testing was 

qualitatively analyzed to interpret the usefulness of the prototype tool. The researcher’s 

observations during the prototype development and perspective on the post-use study were 

documented in written journal format. The researcher’s interpretation is considered as an 

additional data set and the outcomes of the study for usability are demonstrated separately in 

the following section. The data sets were used for triangulating the results in Chapter 7, “Expert 

Validation.” The researcher used the lessons learned and the cumulative outcome of the 

qualitative analysis to provide guidance to inform future research focusing on developing a full-

fledged design assistance tool.  

 

Typically in qualitative work, themes emerge from the analysis of participants’ responses. 

During the logical argumentation phase, existing theories and prior research were used to 

inform the development of the prototype tool. Theories emerged during the logical 

argumentation and prototyping phase were used to preconceive key themes and categories 

informing software quality of the application (Pressman, 2010). These themes were used to 

formulate the open-ended questions and the initial coding system. Consequently, this research 

used the more structured directed content analysis strategy instead of the conventional 

qualitative content analysis strategy to evaluate the open-ended interviews. The operational 

definitions of the key themes and categories were determined for this study. After the interviews 

were conducted, the next phase of the qualitative research process encompassed transcribing 

interview records and reducing the data contained in the interview transcriptions into smaller, 

more manageable pieces. Audio recordings were used to aid the manual transcription of the 
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participant’s responses. The data from the interview responses and the researcher’s 

interpretations were regrouped into suitable categories and themes. As a result of the study, a 

part of the central vision loss representation was reexamined and altered based on suggestions 

provided by the recruited participants. The researcher sent the altered vision loss 

representations to the participants via email and requested that they provide opinions on their 

usability. Figure 6-15 shows the qualitative research data analysis approach used in this study. 

 

 
Figure 6-15 Qualitative research data analysis approach 

 

6.7 Data Classification and Evaluation 

The researcher formulated the interview questions in such a way that the responses fully 

informed the intended outcome of the study. For example, in order to find the usability of the 

prototype tool, the researcher prepared several questions to reevaluate the given objective of 

study, by finding the benefits and loopholes in the tool and to get suggestions on improving the 

usability of the tool. Additionally, the semi-structured interview questions provided in Appendix B 

were asked to collect comprehensive data, particularly concerning the research participants and 

their opinions on the usefulness of the prototype DSS. 

 

The participants provided open-ended responses during the interview session. The researcher 

manually transcribed the interview recordings into a digital Excel-based system. As a part of the 
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qualitative analysis, the researcher reiterated the responses and classified the information into 

categories based on satisfying the various topic areas. A digital Excel-based system was used 

to broadly categorize the data to reflect the study outcomes. For each category, the data was 

further reduced into schemes or themes. The predetermined categories and themes were useful 

in simplifying the coding process, thereby improving the efficiency of the analysis process. Once 

the data was reduced into smaller, more manageable themes, the qualitative research process 

involved drawing research conclusions based on the data themes. The primary objective of 

using data themes is to facilitate a cross-case analysis to help understand the usefulness of the 

prototype DSS potentially perceived by the larger population of end users. The researcher used 

the outcomes of the analysis as a basis for drawing conclusions.  

 

In order to determine the usability of the prototype tool for decision-making when designing 

spaces for older persons, the researcher adopted the software quality factors proposed by 

McCall, Richards, and Walters (1977) and the ISO 9126 standard (Pressman, 2010) to 

categorize the data. McCall’s software factor provides reliable indication of software quality and 

was, therefore, used for assessing the quality of a prototype application. However, as many of 

the metrics defined by McCall, Richards, and Walters (1977) can be measured only indirectly, 

Pressman (2010) developed the ISO 9126 standard to identify the key quality attributed to 

computer software. Figure 6-16 shows an adoption of the McCall’s software quality used for 

categorization of the data in this study.  

 

 
Figure 6-16: McCall’s software quality to categorize data, figure adopted from (Pressman, 2010) 

 

A major focus of this study was to find the participants’ opinions on the quality of the product 

operation categories shown in the Figure 6-16. Figure 6-17 shows the categories and themes 

prepared for analysis of participant data.  
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Figure 6-17: Categories: Collaborative immersive design case study adopted from Pressman (2010) 

 

The interview questions were prepared to gather data related to the following broad categories 

and themes.  

 Category 1: Current design practices 

The participants provided feedback on the current design practices used to design 

spaces for older persons with vision loss. 

 

 Category 2: Use of prototype tool during case study design 

The participants determined the efficiency of the prototype by evaluating the re-

representations of case study space design as seen by older persons with vision loss. 

Each of these themes was qualitatively analyzed to get the participant’s evaluations. 

– Theme 1: Identification of case study design flaws and improvements  

– Theme 2: Functional correctness 

– Theme 3: Efficiency 

– Theme 4: Robustness 

– Theme 5: Portability 

– Theme 6: Interoperability 

 

 Category 3: Confidence in prototype tool 
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The participants established a level of confidence in using the prototype tool for decision-

making when designing spaces for older persons with vision loss. Each of these themes 

was qualitatively analyzed to get the participant’s evaluations. 

– Theme 1: Reliability of central and peripheral vision loss representations 

– Theme 2: Reliability of prototype tool 

– Theme 3: Usability of the prototype tool 

 

 Category 4: Suggestions on improving representation of central and peripheral vision 

loss 

The participants provided feedback on improving simulation of the central and the 

peripheral vision loss representations. This theme involved gathering feedback to 

improve the functional correctness.  

 

 Category 5: Suggestions on improving application of DSS prototype tool 

The participants provided feedback on improving the design assistance tool to support 

decision-making when designing spaces for older persons with vision loss considering 

the theme of reliability. 

 

After the transcription process, the researcher organized the data in the responses into suitable 

categories and themes. Some parts of the prototype tool were reexamined and altered based on 

the participant’s suggestions. The researcher contacted the participants via email to determine 

their opinions on the alterations. The researcher was involved in the research phases related to 

the logical argumentation, the prototyping process, and the collaborative retrospective study. 

The researcher’s opinions on some of these categories, particularly those related to product 

revision and product transition, were crucial. Figure 6-18 shows the categories and themes 

prepared for the researcher.  
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Figure 6-18: Categories and themes: Adopted from Pressman (2010) 

 

The researcher’s opinion on the following broad categories and themes will also be discussed in 

this chapter.  

 Category 1: Use of prototype tool during case study design 

The researcher tested the efficiency of the prototype by re-evaluating the existing design 

of case study space based on the user’s remaining vision as an outcome of this study. 

Each of these themes was qualitatively analyzed to get the participant’s evaluations. 

– Theme 1: Identification of case study design flaws and improvements  

– Theme 2: Functional correctness 

– Theme 3: Robustness 

– Theme 4: Portability 

– Theme 5: Interoperability 

– Theme 6: Reusability 

– Theme 7: Maintainability, flexibility, testability 
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 Category 2: Suggestions on improving representation of central and peripheral vision 

loss tool 

The researcher made suggestions on improving the representation of the central and the 

peripheral vision loss tool. The researcher made suggestions on improving simulation of 

the central and the peripheral vision loss representations. This theme involved getting 

the researcher’s opinion on improving the functional accuracy.  

 

 Category 3: Suggestions on improving application of DSS prototype tool 

The researcher made suggestions on improving the design assistance tool for decision-

making when designing spaces for older persons with vision loss considering the theme 

of reliability. 

 

The outcomes of the qualitative research activities performed during the research will be 

discussed in the following sections. 

 

Each interview response reflects a semi-structured open dialogue between the researcher and 

the participant. The researcher audio-recorded and manually transcribed all the interview 

sessions. However, these dialogues were lengthy and unsystematic. Though the responses 

satisfied the purpose of the interview, due to the open-ended nature of the interviews, it also 

contained some extraneous information outside of the study requirements. In order to get 

comprehensive data, the researcher asked several questions pertaining to the categories and 

themes outlined in the study. However, each response had data that could be connected to 

different categories and themes. The researcher used a manual coding process to analyze the 

data. During the first reading, the researcher used different shades of highlighters to segregate 

a given response to identify positive and negative comments and feedback on improving the 

prototype tool.  Figure 6-19 shows the manual coding process of segregating information based 

on the positive and negative comments. In this figure, the color red signifies a negative 

comment, green signifies a positive comment, and the color yellow signifies a suggestion 

provided during the interview.  
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Figure 6-19: Manual-coding process: Segregating information for positive and negative comments 
 

Subsequently, the researcher reexamined these comments and classified the transcribed data 

into smaller meaningful pieces associated specifically with a given category and theme. All the 

categories and themes were developed based on the principles of finding the software quality of 

an application as suggested by Pressman (2010). The categories and themes were adopted to 

satisfy the objective of the study, which is to find the usability of the prototype tool to support an 

architect’s decision-making when designing spaces for older persons with central or peripheral 

vision loss. Each of these themes was qualitatively analyzed to get the participants’ evaluations. 

The researcher used sub-attributes to classify each theme. These sub-attributes were useful to 

find keywords during the data coding process and enabled the researcher to analyze positive as 

well as negative perspectives for a given theme. This simplified the evaluation process during 

the study. The classification of each category and theme and its relation to the comments will be 

discussed in detail in the following sections.  

 

6.8 Category 1: Current Design Practices  

The first few questions during the second round of interviews were related to determining 

current design practices used by the participants to design supportive environments for older 

persons and persons with vision loss. This set of questions was formulated to help the 

researcher understand the nature of the design process used by the larger population of 

potential DSS users. The researcher also delineated the problems within the current design 

system in order to find possible solutions.  
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Typically, architects prepare design considerations based on the client’s requirements, and this 

information is shared among various design stakeholders., P3, a daylighting design specialist, 

suggested that the key considerations when designing for older persons with vision loss do not 

differ significantly from standard design practice, except that their sensitivities may change. For 

example, designers may be more aggressive in limiting design issues such as glare and 

contrast in comparison to designing for a standard population.  

 

P4, an interior designer, visits a site as a first step in the design process and takes HDR photos. 

These photos are used to create luminance maps of the space. Luminance maps are used to 

detect uneven lighting levels and irregularities in the space. P4 also emphasized the importance 

of conducting informal interviews with occupants as a part of the design process to identify 

individual difficulties when accessing interior spaces. However, P3 was of the opinion that it may 

not be feasible for design professionals to interact with the building occupants to capture 

individual design needs. Instead, P3 suggested, it may be beneficial to collaborate with medical 

or rehabilitation experts. These collaborations are useful to understand what occupants with 

vision loss must be experiencing and what would be good design practices.  

 

The participants demonstrated confidence in making design decisions based on prior 

experience with designing supportive environments for older persons and also used internal 

databases prepared by their design firms as guidance. However, P3 and P4 suggested that 

designers with little experience might have trouble when designing spaces for older persons 

with vision loss. Moreover, there isn’t a lot of literature specifically about lighting design for low 

vision persons.  

 

P3 commented, “There are a lot of logical ophthalmological studies that are available to nail 

down particular aspects of lighting such as all facts of glare and low lighting. But they are not 

broad enough for me to then pull them into design, so they are not actionable in that way. So 

there is a gap there, there is a big gap in the research being done and my abilities to then act on 

that.” 
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All participants were in agreement that as a part of the design process, the architects typically 

invested time to satisfy minimum code requirements when designing spaces for older persons 

and for persons with vision loss. For example, lighting designers access light level targets for 

older persons by satisfying recommendations suggested in design guidelines proposed by the 

Illuminating Engineering Society (IES) or the NIBS. P2 suggested that due to fixed time and 

budget constraints, architects are restrained from investing additional time to go beyond and 

confirm their design by re-representing it from the perspective of persons with vision loss. All the 

participants were in agreement that introducing a design assistance tool to support the 

designer’s decision-making would lead to a more efficient design process and improve the 

design of spaces meant for visually impaired older persons.  

 

P2, an architect, observed, “It might be a good approach if your prototype tool could do some 

basic testing relevant to state code requirements for these spaces. I mean an architect only has 

so much time. But for this they will spend time on, because they have to, as they must make 

sure that they have fulfilled the minimum requirements at least. And then if your prototype tool 

can help them take the design beyond the minimum requirements, then that would be excellent.”  

 

All the participants were of the opinion, reducing glare, providing sufficient daylighting, designing 

appropriate interior finishes, and maintaining good contrast between surfaces were important 

when designing spaces for older persons with vision loss. However, currently, there are no 

metrics to quantitatively measure low vision conditions in terms of glare index, contrast, 

brightness, finishes, or other design features. Participants commented as follows: 

 

P3: “Contrast ratios and luminance would typically be the metric that we would use, everything 

else is not metric associated, and it’s hard to do that. I can’t tell you a particular percentage or 

particular contrast associated with a design. We will do it more ambiguously, for example, 

notions of minimizing reflections, minimizing specular surfaces, maximizing contrast within glare 

tolerances. We look at luminance contrast between wall and the floor, edge of stairs, etc. We 

mainly focus on improving the user’s ambulation within the space and making sure that they can 

see all the cues. So a lot of the metrics are not metrics, they are not tangible scales that we can 

apply in something.” 
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P4: “Unfortunately there aren't good metrics, the design recommendations that I have found are 

still sort of generic like use high contrast, so and I have yet to see any glare index or contrast 

ratios that represents the aging eye or anybody who isn’t under thirty. I haven’t been able to find 

a research that is into making recommendations for the impaired sight and it’s certainly hasn’t 

been tested in low vision population. The NC_IES RC-28 07 for visual environments in particular 

is a good resource, but it is very focused on residential senior living facilities. It does not look at 

public spaces. My design approach is to take metric recommendation for the normal person and 

say if these measurements are nearly on the edge of the threshold for normally sighted person 

in terms of glare or low contrast or excessive brightness. Then they are probably going to be 

difficult for someone with perceptual loss.” 

 

P1, an ophthalmologist, was unable to find good measures to factor the amount of glare 

affecting persons with vision loss. According to the participant, in the clinic, optometrists 

measure contrast sensitivity but not glare. The researcher identifies this as a gap in the study 

and suggests that there is a need for experts from the design and vision science fields to 

collaborate in a research study to find appropriate metric systems to design for needs for 

persons with low vision. There is a need to perform tests on older persons with low vision to 

look at what the glare indices would be for someone with vision disability. These metrics could 

be then translated within the prototype tool, to better inform the architect’s design decision-

making process. All participants were keen about being able to use the prototype tool to digitally 

see how older persons with vision loss would experience their design. 

 

6.9 Category 2: Use of Prototype Tool during the Case Study Process 

Most of the interview questions were focused on finding the participants' perspectives on the 

values or benefits of the prototype tool for decision-making when designing spaces for older 

persons with vision loss. Participants provided opinions on the efficiency of the prototype using 

their experience with the tool during the beta-testing interview process. Additionally, decision-

making capabilities of the prototype DSS were determined by analyzing how the participants re-

evaluated case study space design based on interaction with the tool.  
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6.9.1 Theme 1: Identification of Case Study Design Flaws and Improvements  

The major purpose of this theme was to evaluate the application of the prototype tool for 

decision-making. During this phase, the researcher collaborated with a diverse group of expert 

participants interested in improving design decision-making for older persons with vision loss. 

The participants were experts in the field of vision science, architecture, lighting engineering, 

and interior design, respectively. Through this theme, the researcher wanted to understand how 

this diverse group used the prototype tool to identify the design flaws and provide solutions to 

improve accessibility particularly for older persons with vision loss. Figures 6-20 and 6-21 show 

the re-representation of the spaces along the case study hallway, demonstrating the loss of 

central and peripheral vision.  

 

     

     
Figure 6-20: Re-representation of the spaces along the case study hallway demonstrating the loss of 

central vision loss (view from entryway to indoor swimming area) 

     

      
Figure 6-21: Re-representation of the spaces along the hallway demonstrating the loss of peripheral 

vision (view from indoor swimming area to entryway) 
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The researcher followed a systemic process of gathering data on the usability of the prototype 

DSS for design decision-making using prototype output re-representations of the case study 

spaces. Due to the participant’s experience with handling cases of persons with vision loss, 

Participant 1 was able to identify specific problems for low vision in each of the case study test 

spaces. The prototype tool was used to demonstrate how these specific spaces become difficult 

to navigate in the simulations of central and peripheral vision loss.  

 

The participants used the prototype output representations shown in Figures 6-20 and 6-21 

above to identify design flaws particularly affecting persons with central or peripheral vision loss. 

Using these demonstrations, the participants were asked to provide design ideas that improve 

these visibility issues. The participants used prototype functionalities such as luminance maps 

to find solutions to mitigate design issues. The researcher compared the data on design flaws 

and the improvements suggested by the vision researcher to designers to find similar trends. 

The similarities in data trends between the participants were useful to demonstrate that the 

prototype is consistent in informing the designer’s decision-making capability. The prototype 

demonstrated usability for information sharing between project stakeholders and to generate 

ideas during the early stages of the design process. 

 

Swimming pool corridor:  

Figure 6-22 shows the representation of the corridor to the swimming pool area for persons with 

central and peripheral vision loss and demonstrates that the placement of the table is a hazard 

due to low visibility, especially for visually impaired persons. 

 

 
Figure 6-22: Representation of the swimming pool corridor for central and peripheral vision loss 

 

The partial animations of the hallway were extremely valuable to demonstrate the importance of 

having high contrast between adjacent walls enabling edge detection. Participant 1 suggested 

that the representation of the swimming pool corridor area demonstrated low contrast levels. 
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The participant recognized that under a low vision scenario, this could cause a potential hazard 

to blend with its surroundings. For example, the participant felt that the occasional table placed 

in the middle of the corridor poses a potential obstruction for persons with central and peripheral 

vision loss. “Someone with peripheral vision loss will not be able to see that at all and they are 

going to run right into the wall.”  

 

P1: “I was particularly struck by the swimming pool, all of this white light, there isn't much 

contrast in the animations, and if there was one place where you needed to have good contrast 

would be in a pool area. Well, the prototype tool certainly makes it easier, for example the side 

table in the hallway shouldn't be there in the first place. So I think there are some smaller details 

that the tool will bring out and emphasize that we might not notice otherwise.” 

 

P2 elaborated on the effect of low contrast between surfaces on navigation: “The animation of 

the corridor connecting the swimming area shows how navigating down the corridor at the end 

practically disappears if you have a central vision loss condition. Oh yeah, that animation is 

quite good. Well this will help the architect identify what needs to be done to improve contrast or 

reduce glare or just make it better, so that the person can get through the space okay. Like 

here, the corners of the wall are a bit of a problem. If you don’t have enough delineation 

between a wall that is parallel to you and a wall that is angular to you a lot of times, I see people 

running into those corners because they think that it’s a wall, but in reality it’s a corner, as they 

cannot differentiate.” 

 

Lounge area: 

Figure 6-23 shows the representation of the lounge area for central and peripheral vision loss.  

 
Figure 6-23: Representation of the lounge area for central and peripheral vision loss 

 

P1 was intrigued by the lounge in the hallway, and found the detailing of the shelving unit to be 

complex. The couch placed in the middle of the hallway was identified as an obstruction for 
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persons with central vision loss.  This participant also suggested that the low vision 

representation appeared to be blurry and out of focus, causing the sharp edges of bookcases 

and units, such as the fireplace, to appear to run into each other.  

 

P2: “The pattern on the carpet bothers me. There is so much detail that the furniture appears to 

be blending into the carpet. As a suggestion, go back to the image where there is a red colored 

furniture and carpeting and to show different types of carpet to understand how that works with 

the space. Use colors and texture contrast such as carpeting on floor to help persons with vision 

loss guide themselves transition between the main hallway to the aligned corridor connecting 

the swimming area and obviously don’t have furniture in the middle of the way.”  

 

P2 and P4 said the variation in contrast levels between the entrance and the hallway could 

result in light adaption problems among older persons with vision loss. P2 suggested that the 

rendering of the hallway showed that persons with vision loss are sensitive to daylight. 

Consequently, the architects must control the amount of daylighting into these spaces in such a 

way that brightness and glare affecting the sight line is limited and the contrast level between 

surfaces is increased. P3 also suggested that lighting vertical surfaces would help guide 

persons with vision loss transition through the hallway. 

 

P4: “Due to the uneven lighting along the hallway to the corridor connecting the swimming area, 

the impaired eye is going to have trouble accommodating to those changes in such a short 

amount of time. Rather than shading the bright exterior light, it would actually be better to raise 

the light levels in the hallway, and increase the brightness in the lounge; otherwise there isn’t as 

much transition between the bright exterior and the dim interior. Dimmable lights can be 

installed along the hallway so that it’s brighter during the day and the overhead lights can be 

turned off and the incandescent wall lights can be adjusted to control brightness level during the 

night.” 

 

P3 and P4 emphasized that color and luminance contrast between adjacent material finishes, 

such as door to wall, floor to wall, and floor to furniture, were critical for improving visibility.  
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P3: “When you animated the central vision loss motion path going back to the swimming pool, 

that little alcove where the door is going down the hallway needs to be highlighted. A person 

who can’t focus needs to identify that portal of access while moving through the hallway. So I 

would want to emphasize that by showing props on the wall or use a lit sign. So I do think the 

prototype tool would change some of my decision making.” 

 

To remediate these problems, P1 suggested designers change the type of lighting to improve 

the luminance and color contrast between wall and floor surfaces and the pool doors. The 

brightness level of sources and windows could be altered to reduce glare. P1 suggested that 

persons with vision loss tend to be dazzled by bright light; and architects remediate this problem 

by avoiding point sources of light and using indirect lighting.  

 

Participants recognized the issues discussed above and provided suitable design solutions. The 

responses provide data on how each participant interacted with the prototype outcomes to 

determine design issues and to make plausible design decisions. The solutions provided by 

participants demonstrated comparable trends and can be used to establish usability of the 

prototype tool for decision-making when designing spaces for older persons. In the proceeding 

sections the researcher will discuss various prototype design limitations that were identified by 

the participants.   

 

6.9.2 Theme 2: Functional Correctness 

Pressman (2010) suggests that functional correctness is the degree to which the prototype 

satisfied the objective of improving decision-making for the following functional sub-attributes:  

 Correctness of the prototype functions 

 Search and retrieving capability 

 Navigation and browsing features 

Prototype functionalities evaluated by the participants are discussed in the next section. 

 

Prototype Functionality: Progression of Central and Peripheral Vision Loss  

The participants were of the opinion that it is important to have a tool that provides designers an 

opportunity to test their design based on the progression of a given vision loss, particularly when 

designing supportive environments for older persons. For example, when looking at the 
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representations of the progression of central vision loss, P4 (lighting designer) suggested that 

an early stage of central vision loss is important when designing signage for wayfinding; 

however, it may go unnoticed, and must be disregarded when designing huge spaces such as 

entrance lobbies. All participants were of the opinion that the vision loss simulations used in the 

prototype tool were a reasonable beginning and demonstrate sufficient potential to be converted 

into a full-fledged prototype tool.  

 

P1, an ophthalmologist and low vision rehabilitation specialist, had useful opinions on evaluating 

the accuracy of the representations of central and peripheral vision loss. P1 responded 

favorably to the question of functional accuracy for demonstrating the progression of vision loss 

representations: “Yeah, the vision loss progression function is good, oftentimes the simulator 

uses a precise cutoff and that’s not necessarily the case so I think it represents it well. It is 

correct to show early stages of peripheral vision loss at 80 degrees of visible information. In 

your demonstrations there is still some vision information below or underneath the vision blur 

and this representation is completely true. Persons with early stage peripheral vision loss don’t 

realize the loss until their vision is less precise and they have trouble driving at night or bumping 

into things. It is good that the progression of vision loss goes as far as 18 degree, which is 

beyond the legal blindness limit of 20 degree. A five-degree of central vision information loss is 

a lot. I think you are pretty accurate. I think your simulations here are far better than most of the 

simulations that I see. You are in the right direction.”  

 

P3 (daylighting design specialist) found potential problems in the central vision loss 

representations proposed by the researcher, which made their correctness questionable. The 

representation of central vision loss proposed by the researcher includes a central scotoma 

(blind spot) with no deficit in peripheral vision. Faaborg (2015) suggests that the human visual 

field has a high-acuity linearly sampled center region surrounded by a progressively down-

sampled periphery; this exacerbates the central vision loss. Central vision is responsible for 

detailed vision, which means its loss would affect the overall clarity of the spatial 

representations. P3 stated:  

 

“In the central vision loss representation, you have that great blur in the middle 

but still I am unable to assess the potential of that blur. I am sitting 20 inches 
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from my computer screen; I am still able to use my non-blur foveal vision for the 

rest of the screen. In some ways having that focused image quality across the 

entire image is misleading because I am able to look at it. Our spatial frequency 

sensitivity in the peripheral vision is decreased and we end up with softer edges 

with more blur. What is somewhat misleading especially with central vision loss is 

that I can’t just navigate as if I can see the edges of my peripheral, the same way 

as I could if the edges were right in front of me. The prototype tool needs another 

blur function that takes into account that natural variation that everybody has and 

is inherent in our visual system function. This can be achieved by applying some 

sort of eccentricity blurring function to simulate the effect between foveal and 

peripheral focus levels. I think it would strengthen the representation of the 

central vision loss significantly.”  

 

In response to the central vision loss representations, P4 (interior designer) rationalized about 

the correctness of the simulations. However, on further speculation, P4 suggested that the 

vision loss masking algorithms were appropriate for the design process, stating: 

 

“The representations of amount of vision loss are good. But I am not sure about 

the gray noise scotoma as opposed to more black; as an absence of light versus 

those white dots that are maybe not getting that much dark or maybe we are that 

scattered? The good thing about having it with less black is that the noise doesn’t 

create such contrast between the scotoma and the surrounding visual field that 

we can see. So from a designers standpoint that’s kind of nice as I don’t really 

see as obviously where the edges are. It does kind of fade in what the rest of the 

image is. Also, it is a better strategy to stay away from labeling it as a specific 

disease. When a client says that a institute has only four residents with 

glaucoma, it may not be true, as aging eye affects any of these types of vision 

loss, so I agree to keep it clear is a good plan; however, it would be useful to tie 

the threshold of what the government decides as disabled to know whether one 

is living with low vision or is legally blind.”  
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Prototype Functionality to Create Partial Animations Using a Sequence of Image Frames 

During the case study design interview session, the researcher used partial animation 

demonstrations of case study test spaces to get feedback on the usability of the prototype tool 

for design decision-making. The participants found these demonstrations were useful in 

detecting the design flaws that they may have otherwise missed. P2 said: “I like the idea that the 

prototype functionality allows you to understand what one sees while walking through the facility 

at various times of the day and year. That’s really a very powerful tool then.”  

 

When asked whether they had a preference for using animations over static images, responses 

were mixed. The participants were in agreement that static images are crucial representation 

techniques used during the design process. However, animations provide an interesting 

opportunity that must be harnessed, especially when designing spaces for persons with vision 

loss. P2, P3, and P4 liked the potential of using the partial animation functionality; however, P1 

felt that static images were sufficient. These responses were based on their professional 

requirements. Building designers often use animations during the design process, whereas 

ophthalmologists rarely need to use detailed modeling systems and may not understand the 

need for using animations for design decision-making.   

 

P3: “I think for us in particular, it would be valuable, because we do a certain amount of daylight 

design. We are already animating images by doing lighting renderings for different times of days 

when we need to assess say, for example, the effectiveness of a light shelf to a light fin, to 

control glare or direct glare in through the day. So it would be hugely valuable to add animation 

functionality to the tool, as it would give us another level of assessment during the design 

process. The static images are very helpful, but the animations are extremely powerful.” 

 

P1: “I think static representations and animations both have benefits but in different ways. You 

can make different decisions or confirm the decisions. In some respect I think 2D renderings 

were better because it took away a lot of the background noise.” 

 

Prototype Functionality to Alter Contrast and Brightness of Images 

The prototype tool takes 2D representations as input. The functionalities were designed to alter 

these image representations. However, the brightness and contrast functionality uses a 
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mathematical function to increase or reduce the overall brightness and contrast of the image. 

This may not be enough to fully influence the architect’s decision making capability. The major 

challenge during the design process is to be able to identify areas of uneven lighting, reduce 

glare, and propose appropriate material finishes and lighting type. Due to time limitations, the 

researcher used this functionality as a demonstration, to get user feedback and ideas for new 

design tweak functionalities that can be applied to the future full-fledged design assistance tool. 

The new ideas about design functionalities will be discussed in Section 6.12 as well as in 

Chapter 7.  

 

In response to the question of functionality, P1 was critical about the correctness of the 

representation, stating: “What I am trying to do with this slider function is to reduce the contrast, 

but really what it did was to make it all cloudy. I was hoping it could do everything, like control 

brightness, contrast as well as glare. Instead, you may use this functionality to demonstrate 

different glare conditions affecting the space.” P1 suggested that for future applications, glare 

functionality can be simulated by representing scattering of light near direct point light sources in 

the image, as well as excessive brightness tracing light from external windows and entrance 

doors.  

 

Prototype Functionality to Demonstrate Image Histograms 

The researcher did not define the usability criteria for the histogram function prior to the 

interview session. However, the researcher wanted to use the beta-testing process to evaluate 

each participant’s process of using histogram functionality for design decision-making or to get 

suggestions on the usability of the function. P3 identified the missing vertical and horizontal unit 

labels for the histograms; without units it was difficult to quantitatively evaluate the color channel 

intensities of the selected image.  

 

According to P2, LED lighting has the potential to reduce energy, and more and more architects 

are specifying LED lighting in interior spaces. However, application of LED lamps poses a major 

design problem. There is significantly higher color shift with LED lamps over a period of two or 

three years after its installation. As a part of the design process, there is a need to adjust the 

LED lighting level to account for this color shift. P3 suggested that histogram functionality will be 
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important to track the color shift in the red, green, and blue channels of LED lamps in a future 

prototype DSS tool.  

 

Prototype Functionality to Demonstrate Luminance Maps Using HDR Images 

Figure 6-24 shows the representation of a test space with luminance map overlay with 

luminance level ranging above 100 candles per meters and an overlay of the vision loss 

condition.  

 
Figure 6-24: Test spaces with intermediate vision loss overlay, luminance map range > 100 cd/m2  

 

The sequence of representations taken along the hallway was simulated by the prototype to 

create a partial animation of the space. All participants suggested that the prototype tool does a 

good job of using vision loss functionalities on luminance maps. The researcher was of the 

opinion that luminance map functionality was just the beginning of exploring HDR mapping 

capabilities. The future version of the full-fledged prototype tool can be integrated with the 

Radiance user interface to perform more complex functionalities using HDR photometric 

images.  

 

P1: “Figuring out the luminance map prior to the constructions it is not so easy. So that alone 

would be a huge advantage. And then being able to manipulate those other variables, I think will 

be useful. I think the trick will be once when you apply the overlay for the visual conditions how 

does that come out. I think it looks good. You have done a good job in representing that. And 

that's actually a step in the right direction.” 

 

P4: “Oh it will be great if I can work with the HDR images that I have generated on any of the 

tools. Because I appreciate being able to use luminance maps to understand the brightness 

contrast and the glare contrast in such a way. I may end up going back and using the luminance 

map functionality.”  
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6.9.3 Theme 3: Efficiency 

According to Pressman (2010), efficiency of the prototype is the amount of computing resources 

and code required by a program to perform its function. The participants used the following sub-

attributes for determining efficiency of the prototype tool: 

 Response time performance  

 Page generation speed 

 Graphics generation speed 

 

In order to design an efficient prototype DSS, the researcher used click and drag functions such 

as slider tools to reduce the response time between applying the function to the graphic 

generation. For example, the researcher used slider functionalities to apply progression of vision 

loss on a selected image input file. During the testing process, the researcher observed that the 

simulation of a central vision loss representation took a couple of seconds to generate the 

graphic representation. However, during the collaborative case study beta testing process, the 

researcher observed that P1 and P2 computers took longer to load the prototype application 

and had a lag of around 20 seconds between the functional application and the graphic 

generation. The efficiency of the prototype standalone application depended on the user’s 

computer configuration. As stated in Section 4.6.2, using MATLAB to develop the standalone 

application made the file size large. In order to improve efficiency, the researcher recommends 

using the open source image-processing program Python to develop the GUI environment for 

the future full-fledged design assistance tool. Python is portable and has a faster interface when 

compared to MATLAB. 

 

6.9.4 Theme 4: Robustness 

According to Pressman (2010), the degree to which software handles bad input data or 

inappropriate user interaction determines the robustness of software quality. The data was 

tested for the following sub-attributes in order to determine the robustness of the prototype tool: 

 Error detection 

 Prototype operation without failing 

 Diagnosis and guidance to recover from error 
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The researcher used “if and else” rule functionality in such a way that the “‘if’” rule informed the 

prototype tool to recognize input data outside prescribed boundaries. The researcher used error 

messages and warning messages to alert the user about bad input data and inappropriate user 

interactions. On recognizing the flaw, the prototype opens a message box with the cause of the 

error and guidance on how to pick the right input. If the user rectifies the errors as suggested in 

the message box, the prototype continues to operate without failing or degrading. The prototype 

tool did not fail when the participants beta-tested the prototype tool. 

 

6.9.5 Theme 5: Portability 

According to Pressman (2010), portability is the ease of transporting an application from one 

environment to another. For this study, the researcher and participants tested the following sub-

attributes for portability: 

 Flexibility of using the tool in a different medium 

 Ease of installation of the tool  

 

The researcher made sure that the prototype tool was compatible on different configurations of 

the computers. The installation process for the prototype standalone application has been 

discussed in Section 5.5 and Section 5.6. In order to make sure the prototype tool was portable 

the researcher built three alternatives of the standalone application appropriate for the 

configurations: Windows 64 bit, Windows 32 bit, and Mac OS X 10.8.5 and higher configuration 

of computers. The revised version of the prototype tool was called Person-centered Design 

Decision (PCDD) tool. The standalone application of the revised version of the working 

prototype tool is shared on the Dropbox folder. The location of the standalone application is 

available on Table Appendix C-1. 

 

P1 and P2 installed the prototype tool compatible with the Window 32 bit configuration 

computers; whereas P3 and P4 installed the prototype tool compatible with the window 64 bit 

computer. MATLAB tends to create large application installation files; the executable installer file 

developed during this study was an 8MB file. The researcher shared the installer, the 

supplementary documents, and the installation manual via an online web drive location. The 

document is shared on a Dropbox folder. The Dropbox location of the documents is available on 

Table Appendix C-1. In order to run the executable, the users had to download the files to a 
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suitable location on their computers. This process takes a few minutes based on the user’s 

internet speed. The user did not need to install MATLAB to run the application, However, in 

order to run the prototype executable successfully, during the installation process the application 

connects to the user’s internet service to secure the MATLAB Runtime (MCR) installer from the 

MathWorks company website, 

<http://www.mathworks.com/products/compiler/mcr/?refresh=true>.  

 

The process involved securing the MCR installer and successfully installing the MCR, further 

prolonging the installation time. The researcher prepared an installation guide to help the users 

through the installation steps. Additionally, the researcher was available to assist participants 

who requested additional support during the installation process. P1 and P2 faced some 

difficulty during the installation process. P2 successfully installed the tool on the user computer 

using additional interaction with the researcher. P1 had trouble installing the tool, as the 

MathWorks website was experiencing a downtime. However, the website started working in due 

time and this issue was resolved. P1 installed the tool without much trouble and without the help 

of the researcher.  

 

6.9.6 Theme 6: Interoperability 

According to Pressman (2010), interoperability is the effort required to couple one system to 

another. The researcher and the participants evaluated the interoperability of the prototype tool. 

P4 suggested that interoperability with the CAAD tools would improve the efficiency of the 

prototype tool: “The alternative to the prototype’s animation button would to generate an 

animation on a CAAD interface such as REVIT or DIVA for Rhino. Then, import this animation 

into the prototype tool and apply the vision loss masking function and save the video file with the 

vision function is what I am thinking the prototype should do.”  

 

This is the first iteration of a prototype model used for design assistance when designing spaces 

for older persons with vision loss. During this stage, the requirements of the DSS tool were 

fuzzy. Therefore, a preliminary model, demonstrating a few functionalities of the proposed 

prototype DSS, was built. The lessons learned from the development of this fuzzy model can be 

used to design the full-fledged future DSS system. This initial version of the DSS prototype tool 

demonstrates interoperability issues with CAAD platforms. Consequently, the input files cannot 
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be directly exchanged or transferred between the prototype and common CAAD tools such as 

AutoCad, 3D Studio, Revit, Rhino, and Radiance. Tackling interoperability issues should be 

considered when developing the actual system in future. 

 

6.9.7 Theme 7: Reusability 

According to Pressman (2010), reusability is “the extent to which a program [or parts of a 

program] can be reused in other applications—related to the packaging and scope of the 

functions that the program performs.” The researcher prepared the prototype tool on MATLAB. 

As the complexity of the GUI system increased, figuring out connections between various DSS 

functionalities was constrained by the MATLAB interface. Application of MATLAB functionality 

for manipulating the vector file can be complex. There are no libraries or open-source user 

databases to provide information on reusing the parts of this prototype GUI for CAAD interfaces. 

The researcher had little experience developing complex algorithms with MATLAB. 

Consequently, the researcher proposes to rebuild the prototype tool on other scripting programs 

such as Python. Information on the scripting tool called Python can be found from Section 4.6.2. 

Python demonstrates interoperability with CAAD interfaces. The parts of the prototype 

functionalities in terms of layout and mathematical algorithms can be reused to develop the 

actual system in future. 

 

6.9.8 Theme 8: Maintainability, Flexibility, and Testability 

The effort required to locate, test, and fix errors, or modify the program was evaluated by the 

researcher. The test driven development process (TDD) was used. According to Pressman 

(2010), the test driven development process creates a test to exercise the code. A new test is 

created for each segment of code that must be satisfied before proceeding to the next code. 

The process continues until the component is fully coded and all tests execute without error.  

 

After the working prototype tool was developed, the researcher conducted sample tests on the 

prototype functions to find errors. Upon detecting errors, the researcher performed debugging 

which mainly involved removing the error. It was conducted as a step-by-step procedure to 

detect the specific line of code causing the bug. The debugging process detected three types of 

errors during the prototyping process. The first type of error occurred during the prototype 

building process. The researcher reused existing MATLAB libraries and database to build 
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mathematical algorithms for individual prototype functionalities. Before proceeding to the next 

function, the researcher tested the workability of each algorithm to make sure that the functions 

were bug free. Once all the functions were in order, they were assembled into a GUI interface 

using the MATLAB GUIDE tool. However, the functionalities had to be redone in order to make 

them work on the GUI interface. Additionally, on the GUI interface, the functionalities were 

linked to each other, creating additional issues between different callback functions. The 

researcher had to retest the functions repeatedly after each function was incorporated within the 

GUI.  

 

The second type of error occurred due to the difference in the nomenclature process used 

between an OSX system and a Windows system. The researcher had to prepare three versions 

of the standalone executable application compatible with the Windows and the Mac OSX 

computers. The nomenclature process used for these systems, the OSX system and the 

Windows system, is different. The error due to faulty nomenclature also affected compatibility 

between individual callback functions. Additionally, the OSX prototype standalone application 

failed to load on the system. The researcher was unaware about this during the first round of the 

application compilation process; consequently, the OSX application failed the installation 

process. The retesting of GUI interface helped detect and solve the issue. The third type of error 

was found after compiling the standalone application. The prototype application kept failing after 

using the first couple of functions. The prototype tool could not recover and had to be reloaded. 

Consequently, the MATLAB GUI was retested and fixed by adding MATLAB deployable 

functions using the “if and else” rule. The researcher spent a substantial amount of time 

debugging the program at various stages. The debugging and testing process consumed nearly 

the same amount of time as was required to build the prototype tool. Most of the bugs were 

fixed before conducting the case study interviews.  

 

6.10 Category 3: Confidence in Prototype Tool 

Pressman (2010) defines reliability as the extent to which a program can be expected to perform 

to its intended function with required precision. These sets of questions were developed to 

evaluate the prototype’s operational benefits and usability. The benefits and cost threshold were 

established to determine the effectiveness and adoption of the full DSS application version for 

decision-making, particularly for designing spaces for older persons with vision loss. The 
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usability of the prototype tool was established by comparing user feedback and, where possible, 

similarity of responses. The participants commented on their various levels of confidence in the 

prototype outcomes. For the tool to be useful, participants had to feel confident that the design 

derived as an outcome of the prototype tool would work each and every time. During the study 

reliability of the tool was evaluated by analyzing the participants’ decision-making capabilities. 

Participants also provided responses to questions about software quality based on ease of use 

or usability of the prototype tool.  

 

6.10.1 Theme 1: Reliability of Central and Peripheral Vision Loss Representations 

The researcher evaluated the participants’ opinions on the reliability of the central and 

peripheral vision loss representations. During the interviews, the participants recognized the 

difficulty involved in exacting the simulation of a given vision loss condition. The participants 

were also confident about the usability of the vision loss representations for informing design 

decision-making, provided that vision science experts approved the representations as 

appropriate. P2, P3 and P4 acknowledged the appropriateness of the vision loss 

representations; upon learning that vision science experts were involved during the prototype 

development process. The participants provided their crucial feedback to improve the accuracy 

of the central and peripheral vision loss representations to improve application of the future full-

fledged design assistance tool. All participants stated that the central and peripheral vision loss 

representations were understandable. P1, P2, and P4 found value in the vision loss 

representations to educate designers on comprehending what someone with vision loss sees.  

 

P1 indicated interest in presenting the central and peripheral vision loss representations during 

a lecture at the American Institute of Optometry to educate medical professionals on the impact 

of vision loss adversities on design decisions. P1 stated: “I think your simulations here are better 

than most of the simulations that I have seen.” The participant was willing to pay for using the 

simulations during the lecture. However, the participant was concerned about the prototype 

protection and safeguarding intellectual property and was willing to wait until the dissertation is 

published to get approval on using the representations.  

 

After the interviews, P2, an architect, approached the researcher via email to get consent to 

present the representations of the progression of central and peripheral vision loss at the 
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Central States AIA Convention, Des Moines, Iowa, held on October 14, 2015. More than 1,200 

architects attended the convention. With the researcher’s consent, the participant presented this 

material at the convention. The participant was willing to share full credit for the vision loss 

representations with the researcher as well as to solicit reactions, responses, and criticisms 

from those in attendance at the session. After the convention, P2 contacted the researcher with 

comments from the director of the access board indicating that even with age-related vision 

loss, some people will stabilize and others will continue to lose vision and thus it may be difficult 

to simulate the exact vision loss representation. P2 stated, “I think your design tool will be 

invaluable for architects as they design facilities for people with low vision.”  

 

P1 and P2’s enthusiasm and interest in sharing the central and peripheral vision loss 

representations with colleagues demonstrates their confidence in the prototype. However, P3 

identified a challenge to the central vision loss rendering and suggested that the simulation may 

be misleading. P3 felt that in order to assess the true value of the central scotoma, the 

researcher must also consider applying the natural eccentricity in the peripheral vision. The loss 

of detailed central vision can be emphasized by making the peripheral edges of the 

representation softer and difficult to distinguish in the simulation. The initial feeling of P4 was 

that the vision loss representations are helpful to educate designers about what someone else’s 

vision of the space might be, but was more concerned about the difficulty of validating that what 

is seen on the screen is the reality of a person with vision loss. P4 stated: “The prototype tool 

must clearly indicate that it is difficult to try and represent the exact vision loss condition and the 

prototype representations may not be exact, but they are closest that we can get. Give the 

prototype users an explanation of the method of achieving the simulation.”  

 

6.10.2 Theme 2: Reliability of Prototype Tool 

The researcher evaluated the participants’ opinions on the reliability of the prototype tool. 

According to the researcher, the idea behind the prototype tool is to let architects look at their 

design from the user’s perspective and make appropriate design decisions. The researcher 

wanted architects to use the design assistance tool to support the evolution of new design ideas 

and not restrict design thinking. In this study the participants demonstrated confidence in the 

capability of the prototype tool to evaluate appropriateness of a case study design particularly 

for older persons with central and peripheral vision loss. The participants provided feedback on 
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their experience of using the prototype tool to identify proscriptive design features and provide 

solutions to mitigate these issues. The participants identified current DSS prototype design 

limitations that deterred the reliability of the prototype tool. The participants also provided 

suggestions to improve reliability of the future full-fledged design assistance tool.  

 

Section 6.9 discusses the participants’ experiences of using the prototype tool to evaluate the 

case study design. All participants established the value of the prototype tool for identifying 

proscriptive design issues particularly for older persons with central or peripheral vision loss. P1 

(ophthalmologist) suggested that the prototype tool covers the basic functionalities and is a 

reasonable beginning: “Good first start, I am not a designer, or an architect so and I just am not 

familiar with the concepts. I think I know the direction in which you are going and it makes sense 

to me.” P4 was interested in using the luminance map capability of the tool to understand the 

brightness and glare contrast in future interior design projects. P3 (daylighting designer) was of 

the opinion that re-representing design renderings as well as existing spaces offered interesting 

opportunities to comprehend what a selected low vision population sees under different design 

scenarios. P3 was confident about using the prototype tool when making decisions mainly about 

the following design activities:  

 To decide between downlighting and task lighting. 

 To decide on emphasizing the wall when designing a hallway.  

 To decide about the appropriate glare ratios particularly when designing spaces for 

persons with central or peripheral vision loss. 

 To make design decisions based on deployed HDR mapping for renovation design 

projects. 

  

P3: “The impact of glare potential for visually impaired persons is significantly higher, as the 

threshold at which glare occurs is much lower. While examining existing spaces for daylighting 

analysis for a post occupancy assessment, being able to say beyond just what I am seeing and 

what would or could affect potential occupants two or three years down the road or for the 

current population is valuable. The prototype tool has potential to assist designers to mitigate 

some of the adverse side effects of your design decisions. I think the prototype tool 

demonstrates strong applications to conduct post occupancy assessment for both current and 

future occupants in existing spaces.”  
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In addition to the interview questions related to finding the participant’s confidence in using the 

tool for decision-making, the researcher also evaluated the reliability of the tool by asking 

participants if they were willing to purchase the tool for professional use. The participants’ 

willingness to buy the prototype tool and the amount they were willing to pay indicated the 

reliability of the prototype tool. All participants were willing to purchase the design assistance 

tool for professional application. P1: “If I were to become known as a medical expert consultant 

collaborating on renovation projects, charging consulting fees of a thousand dollars a day, I 

might be willing to spend $500 on this tool. I will make money, if I use the tool for all the projects 

to help me communicate with the designers.” P2 and P3 preferred making a one-time payment 

for convenience and to enable the application of the tool for all design projects. P3 was willing to 

pay $200. P2 and P4 suggested that it was worth paying around $100 dollars for the tool.  

P4: “The prototype tool could be available for monthly subscription of $10 so that architects had 

an option to use the tool for a short term project for the schematic design, design development 

phase and then evaluate if they want to use it anymore.”  

 

The researcher concluded that the cumulative outcome further confirmed the reliability of the 

application of the prototype tool to inform decision-making when designing spaces for older 

persons with vision loss.  
 

Table 6-1: Participants willingness to bear a cost to purchase the tool  

Participants  Willingness to bear a cost (dollars) to 

purchase the tool for a one time 

purchase  

Willingness to bear a cost (dollars) to 

purchase the tool for a monthly 

subscription (dollars) 

P1  

(ophthalmologist) 

500  

P2  

(architect) 

100  

P3  

(daylighting designer) 

200  

P4 

(interior designer) 

100 10 
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6.10.3 Theme 3: Usability of the Prototype Tool 

According to Pressman (2010), the degree to which the software is easy to use can be 

evaluated by the following sub-attributes:  

 Understandability of instructions 

 Learnability 

 Operability 

 Decision making capacity 

 

In terms of learnability, the participants suggested that the prototype tool is understandable and 

requires a minimum learning curve. P1 was of the opinion that even a physician with no design 

experience can learn the prototype tool with little trouble, stating: “I think it looks pretty good to 

me. I think it flows and organization of the layout is systematic.” P2 has more than forty years of 

architectural design experience but has little experience working with complex computer tools, 

and stated: “Well, you are getting it across to me; it means you have got something that works 

pretty well.” P3: “I think using it is very straight forward. I don’t think there will be any issues. I 

installed it and then I watched your ten minute video and then began using it, so I felt very 

comfortable with what I was doing in terms of manipulating.” P4 said: “I think it is very helpful 

that you have things numbered in terms of what the steps are. There is good contrast to the text 

and the background.” 

 

However, lack of sufficient information on how to use the prototype tool during the design 

process is a major hindrance for the operability of the tool. The participants also suggested that 

the prototype tool did not have sufficient background information on the vision loss conditions to 

educate the designers. The participants were in agreement that the prototype tool was useful for 

both identifying and mitigating design flaws during the case study design process. P1 and P4 

suggested that in terms of decision-making, the prototype tool demonstrates better usability for 

post-occupancy studies and renovation projects in comparison to new construction projects. All 

participants were of the opinion that the prototype tool could be used for all types of public 

facilities such as healthcare centers and hospitals, even those that are not necessarily targeted 

at vision impairments. P3 was of the opinion that designing for needs of persons with vision loss 

is a quality of life measure and must not be disregarded.  
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P1 said: “It is usually difficult for us to predict what a space is going to look like for a person with 

vision loss. We can explain it but how do we present it to clients? So if you can use your 

prototype tool to apply low vision overlay on any kind of rendering and present these to a client, 

I think if it would impact how we design the spaces very definitely. I mean it’s going to impact 

selection of material especially for specifications.”  

 

P4 suggested that the prototype tool can be used by designers to demonstrate comparisons of 

design alternatives relevant to the occupant’s needs or to justify design decisions to the client 

and other project participants. P2 suggested that, in addition to designers, the prototype tool will 

be useful for administrators or facility managers responsible for conducting minor design 

changes and maintenance of supportive environments for older persons.  

 

P3: “I am an expert in lighting and I have an understanding of low vision conditions. I can use 

the prototype tool to see the impact of the vision loss representation for my design. I can also 

use the prototype tool to ask other team members to change a particular design feature. Without 

an assertive visual tool to support the design decision, I will be less likely to assess the change.”  

 

The participants were also of the opinion that the prototype tool enabled design decisions to be 

more person-centered. However, P3 said: “I think that the designs of facilities for people with 

low vision without the tool are very person-centered, but the decisions may not be the right one. 

We are talking about designers who are very visual, so not having the ability to actually visualize 

the impact of low vision conditions on their design decisions they may not understand is a major 

drawback. So I think the use of design assistance prototype tool would make the designs more 

effectively person-centered in nature.” 

 

These comments show that the participants demonstrated confidence in the usability of the 

prototype tool when designing spaces for older persons with vison loss. Moreover, participants 

were of the opinion that the use of the prototype tool would potentially reduce the need for some 

other representation options such as creating mock settings or using vision simulator glasses. A 

digital medium can be used to communicate with large masses of people, but using simulator 

glasses is more personal. However, there may still be other reasons to produce the mockup 

during the design process and it may not likely eliminate this practice completely.   
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6.11 Category 4: Suggestions on Improving Vision Loss Representations 

6.11.1 Theme 1: Improve Functional Correctness  

The participants suggested that there is a need to introduce background information on the 

progression of central and peripheral vision loss conditions to improve communications and to 

rationalize design decisions between the design consultants. P4 stated that there is a need to 

mention frequencies of occurrence of central and peripheral vision loss among older persons. 

Statistics on the threshold of legal blindness must be used to show frequency of vision loss 

level. In addition to vision loss information, architects can also use information related to generic 

traits and eccentricities of older persons with central and peripheral vision loss.  

 

As mentioned in Section 6.9.2, according to P3, the spatial frequency sensitivity in the 

peripheral vision is decreased with softer edges, meaning, there is a need to include simulation 

of normal eccentric peripheral vision blur to improve the intensity of the central vision loss when 

making design decisions. The prototype tool needs another blur function that takes into account 

the natural variation that everybody has and is inherent in normal visual system function. 

Current literature has inadequate information on the progression of central and peripheral vision 

loss. We need more information on the set point for the various vision loss conditions. 

 

6.12 Category 5: Suggestions on Improving Application of DSS Prototype Tool 

This set of interview questions focused on the future prospects for the fully developed version of 

the DSS system to serve design professionals. Overall, the understanding gained from the 

retrospective study is intended as a guideline to inform future studies on developing a fully 

functional DSS tool for designing facilities for older persons with vision impairments. 

 

6.12.1 Theme 1: Reliability 

There is a need for future collaborations between vision researchers and architects to prepare a 

database on improving decision-making when designing spaces for older persons with vision 

loss. This database can be integrated in the prototype tool to improve the reliability of the design 

decision-making process. Although the participants recognized the usability of the prototype 

tool, P2, an architect, distinctly suggested that a full-fledged prototype tool must include more 

design capabilities than the current prototype tool, i.e. there is a need to develop a holistic 
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design assistance tool that can be inclusive with the CAAD tools as well as programs used to 

generate photometric renderings. P2 wanted the prototype tool to exhibit complex design tweak 

functionality and improve libraries or databases for material finishes.  

 

P1, an ophthalmologist, stated: “Persons with missing peripheral vision scan side to side to 

make sure that nothing in terms of peripheral vision is missing or they will walk into something. 

Similarly, a person with central vision loss scans the space back and forth. If you are looking at 

the face you may be looking ear to ear, so that they can see the facial features, so one is 

working around the central scotoma. 

 

According to P4, an interior designer, the design assistance tool must be able to reuse parts of 

functions from other CAAD and rendering programs. P4 suggested that the prototype tool 

should be able to evaluate these design alternatives using proscriptive comparisons of the 

representations. P4 said the tool does create a level of empathy and the next step should be to 

include best practice resources and look at other design recommendations. This participant 

suggested using visual examples of different design elements that are good or bad. 

 

P3, a daylighting expert suggested that adding color deficiency filters would help designers 

improve the correctness of vision loss representations, particularly for persons with peripheral 

vision loss and cataracts. P3 noted that as persons with loss of visual field move through a 

space, they move their eyes and head to get sense of the information lost. According to P3 a 

design assistant protocol manual on the best way to use all the functional capabilities of the 

design assistance tool would help architects to evaluate or relatively weigh the prototype 

outcomes to make better design decisions. P1 and P4 suggested that there are other conditions 

less consistent than central and peripheral vision loss, such as diabetic retinopathy and 

cataracts, affecting a large population aged 50 and older that should be included in the tool. 

Cataracts cause yellowing of the lens and may affect the way they interpret color contrast. 

Diabetic retinopathy is more of a blotchy body and unpredictable vision loss. P1 also wanted to 

include simulations of normal loss of acuities so that the tool caters a wider population group. To 

improve the reliability of the tool, P2 and P3 suggested connecting it to the low vision design 

guidelines database developed by the IES or NIBS. P3 stated: “The design guide is not visual, 
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but once this tool comes in we will be able to show people the application of the design guide 

using the vision loss representations and that will be hugely valuable.” 

 

Having reflected on these responses, the researcher proposes the following future research 

studies for improvements in the DSS tool prototype: 

 To develop design assistance functionalities to demonstrate design flaws such as the 

levels of glare, light scattering, and contrast issues on 2D representations.  

 To use layers to quickly produce several design alternatives and evaluate their viability 

for persons with vison loss by adding overlays with the vision loss masking algorithms.,  

 To improve interoperability between the design assistance tool and the programs used to 

create CAAD models and photometric models.  

 To develop a tool on a CAAD interface, so that the designers can generate real time 3D 

design alternative models instead of applying overlays on 2D representations.  

 To develop a design assistance tool as a plugin to the programs used to develop 

photometric 2D representations with all the capabilities of performing the vision loss 

functionalities.  

 To add little color wheels that would allow users to change the color contrast, material 

finishes, or a selected surface. Participant 3 suggested that adding color deficiency filters 

would help designers improve the correctness of vision loss representations particularly 

for persons with peripheral vision loss and cataracts. Participant 4 suggested that the 

prototype tool should be able to evaluate these design alternatives using proscriptive 

comparisons of the representations. 

 To develop a design assistance tool that can dynamically animate photometric 2D 

representations by fulfilling the requirement of huge computing capacities. Even though 

current computing capabilities do not allow development of dynamic animations, there is 

a need to dynamically represent vision loss conditions in a 3D model environment. The 

animations would not only encompass dynamic vision loss representation but also allow 

architects to represent the person’s traits in terms of eye movements and head rotations. 

Participant 3 suggested that as persons with loss of visual field move through a space, 

they move their eyes and head to get sense of the information lost. Participant 1 stated: 

“Persons with missing peripheral vision scans side to side to make sure that nothing in 

terms of peripheral vision is missing or they will walk into something. Similarly, a person 
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with central vision loss scans the space back and forth. If you are looking at the face you 

may be looking ear to ear, so that they can see the facial features, so one is working 

around the central scotoma.”  

 To develop a design assistance tool that uses HDR image renderings to employ re-

representations of vision loss conditions without breaking the internal lines and points of 

the HDR image.  

 To develop a web-based design assistance tool to cater to a larger population base.  

 To include background information on the representations of the vision loss progressions 

and the generic traits of persons with vision loss. In order to operate the prototype tool 

successfully, it is crucial that the researcher includes more information on the operability 

of the tool and background information about the diseases and their progression. This 

would improve the usability of the prototype tool for decision-making when designing 

spaces for older spaces for older persons with vision loss. 

 To include design prescriptions and recommendations particularly for persons with vision 

loss.  

 To include design case study examples to demonstrate good and bad design for persons 

with vision loss.  

 To include information on the prototype development approach to improve a designer’s 

confidence in the reliability of the prototype tool.  

 To develop a design assistant protocol manual on the best way to use all the functional 

capabilities of the design assistance tool.  

 To improve the reliability of the tool, Participants 2 and 3 suggested that the tool can be 

connected to the low vision design guidelines database developed by the IES or NIBS. A 

fairly large segment of the design market refers to this work. Integrating the prototype 

tool within the next version of the low vision design guidelines can inform designers 

about prescriptive design features and the design metrics. This would introduce 

designers and architect user groups interested in finding information on the design 

prescriptions, in addition to user groups interested in evaluating the proscriptive 

decisions of their design.  

 To use the design assistance tool to represent different types of vision loss conditions 

such as diabetic retinopathy and cataracts, in addition to central and peripheral vision 

loss.  
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6.13 Conclusion 

The collaborative immersive design case study was the first part of the qualitative research 

phase. The participants beta tested the DSS tool and used demonstrations of the prototype 

outputs re-representing selected case study spaces to evaluate the objective of the study during 

a semi-structured, open-ended interview with the researcher. In this study the researcher used a 

naturalistic system of inquiry via qualitative research to demonstrate the usefulness of the 

prototype design assistance tool when designing spaces for older persons with vision loss. 

Finally, in order to find the cumulative outcome of the study, the researcher performed 

qualitative triangulation on the data points using the outcomes of the collaborative immersive 

design case study, expert validation, and the researcher’s observations.  

 

All the participants of the collaborative immersive design case study strongly approved the 

prototype design assistance tool when designing spaces for older persons with vision loss. 

Additionally none of the participants dismissed the need for a design assistance tool for this 

purpose. The participants were able to use the prototype outcomes to project appropriate design 

decisions during the case study design process. All the design decisions made by the 

participants (design experts) would potentially resolve the design flaws detected by the 

participant who was a vision science expert.  

 

The participants were also able to provide suggestions to improve the representations for 

central and peripheral vision loss as well as the prototype design assistance tool. These 

suggestions can be used to develop a full-fledged design assistance tool that improves 

decision-making when designing spaces for persons with vision loss. These simulations have 

increased the complexity of developing the prototype tool and revealed a need to conduct 

studies dealing with the various aspects of the development of the full-fledged design assistance 

tool. 

 

In Chapter 7, the researcher discusses the post-demonstration study conducted with eight 

selected expert participants to find participants opinions on the usability of the prototype tool for 

designing spaces for older persons with vision loss. 
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Chapter 7: Expert Validation 
 

One of the major objectives of the expert validation study was to gather opinions on the 

usefulness of the DSS prototype tool to support design decision-making. Expert validation was 

the second part of the qualitative research phase conducted immediately after the collaborative 

immersive design case study. Section 6.1 discusses the objective of the qualitative research 

phase. The researcher recruited design and vision science professionals to conduct a post-

demonstration study. In the expert validation study, participants used demonstrations of the 

prototype outputs re-representing selected case study spaces to evaluate the prototype tool 

during a semi-structured, open-ended interview with the researcher. The demonstration 

documents are shared on a Dropbox folder. The Dropbox location of these documents is 

available on Table Appendix C-1. 

 

7.1: Overview of Expert Validation 

The expert validation study mainly involved one on one, open-ended interviews with qualified 

vision science and design professionals. During the interviews, the researcher used 

demonstrations of 2D scene renderings and photographs of a case study facility serving older 

persons to demonstrate the application of the prototype tool to represent spaces as seen by 

older persons with vision loss. Semi structured, open-ended questions were used to establish 

expert opinion on the usability of the prototype tool to inform early decision-making while 

designing spaces for older persons with vision loss.  

 

The action plan for the expert validation case study was as follows: 

 Identify 8 vision science and design professionals willing to participate in a single one-on-

one, open-ended interview session with the researcher. 

 Use open-ended interviews to collect opinions about the usefulness of the prototype tool to 

assist the architect’s early stage decision-making capabilities while designing spaces for 

older persons with vision impairments. 

 To gather expert feedback on improving the design decision-making capabilities of the DSS 

prototype tool for future application.  
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The objectives and outcomes of the expert validation study are elaborated in the following 

sections.  

 

7.2 Expert Interview Process 

The final objective of the study was to test the hypothesis that use of the prototype tool would 

improve decision-making when designing spaces for older persons with vision loss. After 

immersing vision science and design experts in beta testing the prototype tool, the researcher 

wanted to confirm the findings using a post-demonstration study and, therefore, invited diverse 

practitioners involved in creating supportive environments for older persons to participate. The 

practitioners worked in organizations including, but not limited to, architecture, interior design, 

and lighting design firms. The researcher also invited ophthalmologists to get their expert 

opinions on the accuracy of the central and peripheral vision loss representations generated 

using the prototype tool.  

 

During the interview, the researcher used 2D images of the case study facility discussed in 

Section 6.4 and demonstrations of the prototype tool application discussed in Section 6.5, 5.7 

and 5.8 to get the participant’s opinion on the usability of the tool. The participants also provided 

feedback that informs future studies focusing on developing the fully functional Design Support 

System (DSS). 

 

7.3 Selection of Expert Participants  

As mentioned in Section 5.3.1, “Prototyping Cycle 2: Communication”, the expert validation 

study interviews directly involved human subjects. The approval of the research protocol and 

supporting documents was obtained from the Virginia Tech Institutional Review Board (IRB) 

before beginning the qualitative research process, as discussed in Section 6.5. The IRB 

addendum included supporting documents to conduct semi structured one-on-one, open-ended 

interviews for the expert validation study. The IRB documents can be found in Appendix B. The 

following documents were submitted for the IRB approval:  

 Research protocol  

 Consent form  

 Recruitment letter  

 Prototype demonstrations and case study representations  
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 5-minute survey form  

 Draft interview questionnaires 

  

More information on the addendum to the IRB submission is discussed in Section 6.5. For the 

expert validation study, the researcher required 8 experienced practitioners, each related to the 

field of design and vision science, to participate in the study. The expert professionals were 

selected based on maximum variation sampling. The experts represented a wide range of 

experience related to the topic. Qualified volunteers were welcome to participate in the study, 

regardless of age, gender, health status, or ethnicity.  

 

Selection Criteria and Introduction of Expert Validation Participants  

For the expert validation study, the researcher needed 8 to 10 participants each with varying 

experience in the field of design and vision science. The study involved interaction with design 

professionals with diverse experience in designing supportive environments for older persons. 

In addition to the design professionals who attended the Low Vision Design Committee (LVDC) 

symposium on January 9th 2014, the researcher invited other professionals involved in 

designing supportive environments for older persons. The researcher invited two 

ophthalmologists; one was associated with Illuminating Engineering Society (IES) and the other 

with Lighthouse International, a leading non-for-profit organization which provides resources for 

vision impairments and vision rehabilitation. The researcher also invited around 15 design 

professionals acclaimed for their achievements in designing supporting environments for older 

persons and learning environments for visually impairments people. Each participant 

recommended other design professionals who would be interested in participating in the study.  

 

The recruitment e-mail briefly described the objective of the study and included the following 

information: 

 Method used to conduct the expert validation 

 Participants’ role in the study  

 Tasks performed during the study 

 Time commitments required for this study.  

 Non-disclosure clause to maintain confidentiality to protect the participant’s identity. 
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Accordingly, the recipients were invited to participate in a remote open-ended interview with 

demonstrations of the DSS prototype design assistance tool intended to re-represent 

architectural models as seen by persons with vision loss. The researcher suggested that the 

application of the new tool would allow architects to see their design proposals from the 

perspective of the people who would use the spaces they design and consequently to improve 

their design decisions.  

 

Positive responses from the design and vision science community demonstrates the acceptance 

of the concept of developing a design assistance tool and its potential usability for informing 

decision-making when designing spaces for older persons with vision loss. 3 out of 11 

professionals turned down the invitation to participate in this study. Decisions not to participate 

in the study were based on lack of availability and the amount of time professionals could 

devote to the study. After the study 4 professionals contacted the researcher via email about 

their interest to participant after hearing about the study from the participants. Further, due to 

the qualitative nature of the study, the researcher limited the number of participants. 

 

 The researcher wanted to conduct one remote one-on-one open-ended interview with each 

participant. As the design assistance tool was in the initial conceptual stage, participant 

responses were to be used to inform the development of the future full-fledged design 

assistance tool. Due to the research timeline constraints, the researcher conducted the open-

ended interviews with 8 participants with varying experience designing supportive environments 

for older persons.  

 

The Variation of Participant’s Background 

The maximum variation sampling technique was used to select participants as this technique 

provides the widest possibility of selecting a sample group that represents a larger user 

population. The maximum variation sampling technique involves defining the maximum range of 

a participant's settings or contexts, and then selecting research participants from the available 

participants in the defined settings or contexts. The target group for this study includes potential 

users of the prototype tool, which include decision makers and designers involved in creating 

supportive environments for older persons. This included vision science experts who handle 

cases of older persons with vision impairments on a daily basis. Each participant was 
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intentionally selected to have expert knowledge in these areas. 8 volunteers (three architects, 

two lighting designers, one lighting and mechanical engineer, one interior designer, and one 

vision science expert) indicated interest in participating in the expert validation study. This group 

of participants was assumed to be representative of a larger end user population. Figure 7-1 

shows the maximum variance sampling of the participants in the expert validation study.  

 

 
Figure 7-1: Maximum variance sampling of the participants in the expert validation study  

 

The participants were mainly categorized into four groups as follows:  

 Group 1: An Ophthalmologist demonstrating high experience working with older persons 

with vision loss, but having low experience with design decision-making for supportive 

environments.  

 Group 2: Two architects and one interior designer demonstrating high experience in 

architectural and interior design of supportive environments for older persons. These 

designers demonstrated low experience working with older persons with vision loss and 

using complex modeling approaches and conducting lighting analysis to design 

supportive environments. 

 Group 3: Thee lighting designers demonstrating high experience using complex 

modeling approaches and conducting lighting analysis to design supportive 

environments. These designers had low experience with architectural design and 

working with older persons with vision loss. 
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 Group 4: An architect demonstrating high experience designing supportive environments 

and knowledge of Americans with Disabilities Act (“ADA”) standards. This architect 

demonstrated low experience working with older persons with vision loss and using 

complex modeling approaches and conducting lighting analysis to design supportive 

environments. 

 

To understand the relationship between the participants and the end user population, it is 

essential to understand the participant’s backgrounds involving facilities for older persons. 

Therefore, the information about each participant’s background is provided. The experts 

represented a wide range of experience related to the topic, as described below: 

 

Participant 1 (“P1”):	   P1 is a practicing optometrist, and the chief of low vision programs at 

Lighthouse International. P1 is also the chair of the low vision section at the American 

Optometric Association and a distinguished adjunct professor at State University of New York 

College of Optometry.  P1 was extensively involved in public speaking and has authored books 

about educating people to improve living conditions when affected by the low vision condition, 

Macular Degeneration. P1 was the most able candidate to evaluate the tool’s efficacy in 

simulating central and peripheral vision loss conditions affecting older persons. P1 was eager to 

participate in the study and believed that architecture influences the occupant’s functional 

performance in physical spaces. P1’s initial response before the interview was that a prototype 

design assistance tool that represents spaces as seen by older person with vision loss may be 

effective in supporting the design process. 

 

Participant 2 (“P2”): P2 is the principal lighting designer and owner of a small lighting design 

firm. P2 was the interior lighting designer for the Grousbeck Center for Students and 

Technology, Perkins at school for the blind and won the IES Edwin Guth Award for this project. 

During this project P2 used vision simulator glasses to gain understanding about the difficulties 

of persons with vision loss. P2 has low experience designing spaces for older persons with 

vision loss, albeit well-versed with respect to lighting design considerations. Although confident 

about using personal experience when designing spaces for persons with vision loss, P2 

acknowledged that a design assistance tool that represents spaces as seen by older person 

with vision loss may be effective in supporting the design process.  
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Participant 3 (“P3”):	   P3 is an experienced lighting designer with interest in designing senior 

living, healthcare facilities and schools. P3 is a former president of the St. Louis chapter of the 

Illuminating Engineering Society (IES) and has received more than 20 regional, national and 

international lighting design awards. P3 was appropriate for this study due to the high 

experience in using complex lighting analysis and modeling tools. Prior to the interview, P3 

responded positively about the need for a design assistance tool that represents spaces as 

seen by older person with vision loss and said such a tool may be effective in supporting the 

design process. 

 

Participant 4 (“P4”):	   P4 has more than 30 years of experience as a lighting designer and a 

mechanical engineer. P4 has conducted several workshops for the National Institute of Building 

Sciences (NIBS) on improving building design for persons with vision loss. P4 did not have 

much experience with complex modeling tools, and said he finds the process time consuming 

and outcomes questionable. However, P4 is hands-on with conventional manual lighting 

calculation methods and is involved in research projects to develop quantitative methods to 

evaluate lighting design in spaces for persons with vision loss. The researcher desired this 

perspective for improving the functionality of the tool. Prior to the interview, P4 responded 

positively about the need for a design assistance tool that represents spaces as seen by older 

person with vision loss and said this tool could be effective in supporting the design process.   

 

Participant 5 (“P5”):	   P5 is the principal of an interior design firm. P5 designed interiors for 

healthcare and assisted living facilities. P5 was interested in using new and innovative ways to 

improve supportive environments to enhance the quality of life for older persons. The participant 

was a specialist in compliance with universal design. P5 represented the interior design 

population in this study. P5 believed in the usability of the proposed design assistance tool and 

was of the opinion that there is potential for cost savings when applied to design decision-

making.  

 

Participant 6 (“P6”):	  P6 was the vice president and senior architect working for an integrated 

project delivery company. P6 has good experience as a leading designer of hospitals, 

healthcare, nursing home, and assisted living facilities. P6 was particularly interested in the 
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design assistance application and involved other design team members to be part of a prototype 

demonstration process. P6 was optimistic about the application of the design assistance tool for 

professional use and wanted the researcher to demonstrate application of the design assistance 

tool among all the designers working in the participant’s design firm. P6 invited the researcher to 

immerse the design assistance tool in real design projects in-house to evaluate its usability for 

decision-making when designing supportive environments for older persons.  

 

Participant 7 (“P7”): P7 has 40 years of architectural practice in inclusive design and is a 

specialist in ADA compliance. P7 designs accessibility modifications for private homes and 

multifamily residential facilities to support elderly and disabled persons. Even with many years 

of architectural design experience, P7 had low experience developing complex modeling 

systems and analysis methods. P7s responses were important to help us understand the 

perspective of the potential user-population with low modeling experience.  

 

Participant 8 (“P8”):	  P8 is an architectural design director who has been involved in developing 

senior living environments and nursing environments for about 14 years. P8’s designs provide 

assistance, safety, vitality and independence to older residents. P8’s has experience working on 

nation’s first community based Green House project at Penfield, NY to bring residential scaled 

and detailed environments to elder care. P8 was supportive of the professional application of the 

design assistance tool and wanted the researcher to demonstrate the design assistance tool 

among all the firm’s designers.  

 

7.4 Interview Technique 

Eight professionals, who responded with interest to volunteer in this study and met the 

researcher’s criteria, were contacted via email to confirm their availability for a 45-minute open-

ended interview. Each participant is a representative of the larger community serving the 

architectural design, lighting design, interior design, and healthcare industries. These 

participants are actively involved in creating supportive environments for older persons. 

Information about the research participants are provided in the previous section. The email 

included a brief description of the interview questions.  
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Upon receiving confirmation from the volunteer, the researcher scheduled an interview date and 

time. The researcher attached a consent form and a 5-minute short survey questionnaire to the 

e-mail confirming the interview dates and times. The survey was used to get background 

information on the participants and to understand their initial thoughts on the application of a 

decision support tool when designing spaces for older persons with vision loss. The consent 

form briefly informed the volunteer about the purpose and the goals of the research. The 

consent form also provided an outline of the interview procedure and timeline. With the form, the 

researcher obtained written consent from participants to use audio recordings. Prospective 

study participants were encouraged to review the consent form and complete and return the 

survey questionnaires before the interviews. According to the consent letter the researcher 

would proceed with the interviews only if the participant acknowledged the conditions and 

provided voluntary verbal consent.at the beginning of the first session of the interviews. This 

provided the participants ample time to review the consent form. Participation was voluntary and 

the participants had the liberty to opt out at any point. The researcher also sent links to the 

Gotomeeting application. 

 

Interview sessions were conducted in the form of remote meetings via Gotomeeting at times 

convenient to the participants and in the form of online audio/video conferences. The 

professionals invited to participate in the study willingly attended their scheduled interviews and 

were accommodating in fulfilling the study requirements. The interview with each participant 

required at least 45 minutes of his or her time. During the semi-structured, open-ended 

interviews, the researcher captured the emotive quality of participants’ responses using digital 

audio recording. None of the participants rejected the use of audio recording. These recordings 

were used to perform manual transcriptions later on in the study.  

 

During the expert validation process, the procedures used during the collaborative immersive 

case studies were captured and summarized to the 8 experts. The study used these in-depth 

interviews to collect responses on the usefulness of the prototype DSS. All participants were 

required to answer the same set of questions during the interview. The following sets of 

information were gathered from the participants during the interviews that lasted between 45 

minutes to an hour.  
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 Provide personal design and research background information using a short 5-minute 

survey prior to the interviews. 

 Provide information on the design approach used by the participants to design 

supportive environments for older persons with vision loss 

 Participate in demonstration of the application of the prototype functionalities.  

 Participate in case study demonstrations re-representing existing space design as seen 

by older persons with vision loss.  

 Provide opinions on the functional correctness of the central and peripheral vision loss 

representations. 

 Provide opinions on the usability and reliability of the design assistance tool to improve 

decision-making when designing spaces for older persons with vision loss. 

 Provide feedback on improving the vision loss representations and the design 

assistance tool to better inform decision-making when designing spaces for older 

persons with vision loss. 

 

7.5 Research Data Analysis Process 

The data analysis process used for the collaborative immersive design case study and the 

expert validation is discussed in Section 6.6 and Figure 6-15 shows the qualitative research 

data analysis approach used in this study. The researcher asked same set of interview 

questions during the collaborative immersive design case study and the expert validation (see 

Appendix B). These questions provided comprehensive data, particularly concerning the 

research participants and their opinions on the usefulness of the prototype DSS. In comparison 

to the collaborative immersive design case study, the expert validation study only involved using 

demonstrations of the prototype application and the case study representations, i.e. participants 

in the expert validation study did not beta-test the prototype tool. Consequently, the set of 

questions related to using the prototype tool to evaluate the design of the case study facility 

were not used during the expert validation process. The researcher used these questions to 

conduct the qualitative triangulation to find the final outcome of the study.   

 

7.6 Data Classification and Evaluations 

As the goals of the case study and the expert validation study were similar, the same sets of 

categories were used. In each category, the data was also reduced into schemes or themes. 
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The interview questions were prepared in such a way that the researcher could gather data 

relevant to these categories and themes. Once the data was reduced into smaller, more 

manageable themes, the qualitative research process involved displaying the data themes and 

drawing research conclusions. For the expert validation study, the researcher adopted software 

quality factors proposed by McCall, Richards, and Walters (1977) and ISO 9126 standard 

(Pressman, 2010) to categorize the data.  

 

The primary objective of displaying data themes is to facilitate a cross-case analysis to help 

understand the usefulness of the prototype DSS potentially perceived by the larger population of 

end-users. The outcomes of the analysis were used as a basis for drawing conclusions. The 

more detailed information about the cross-case analysis and conclusion drawn from the 

collected data is provided in Chapter 8: Qualitative Triangulation. The process involved in 

coding and categorizing the data is discussed in Section 6.7. Figure 6-16 shows an adoption of 

the McCall’s software quality factors used for categorization of the data. Throughout the 

following sections, the outcomes of the qualitative research activities performed during the 

research will be discussed in detail. The data classification process improved the efficiency of 

data analysis and comparisons of the study outcomes during qualitative triangulation. The major 

focus of the expert validation study was to find the participants’ opinions on the quality of the 

product operation categories shown in Figure 6-16. Figure 7-2 shows the categories and themes 

prepared for the recruited expert validation participants.  

 
Figure 7-2: Categories and themes: Expert validation Adopted from Pressman (2010) 
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The interview questions were prepared to gather data related to the following broad categories 

and themes:  

 

 Category 1: Current design practices 

Participants provided feedback on the current design practices used to design spaces for 

older persons with vision loss. 

 

 Category 2: Use of prototype tool for design decision-making 

Participants determined the efficiency of the prototype by evaluating the re-

representations of case study space design as seen by older persons with vision loss. 

Each of these themes was qualitatively analyzed to get the participant’s evaluations. 

– Theme 1: Usability of the prototype outputs for design decision-making  

– Theme 2: Functional correctness 

 

 Category 3: Confidence in prototype tool 

Participants established levels of confidence in using the prototype tool for decision-

making when designing spaces for older persons with vision loss. Each of these themes 

was qualitatively analyzed to get the participant’s evaluations. 

– Theme 1: Reliability of central and peripheral vision loss representations 

– Theme 2: Reliability of prototype tool for decision-making 

– Theme 3: Usability of the prototype tool 

 

 Category 4: Suggestions on improving functional correctness of the central and 

peripheral vision loss representations 

Participants provided feedback on improving the simulation of the central and the 

peripheral vision loss representations. This theme involved gathering feedback to 

improve the functional correctness.  

 

 Category 5: Suggestions on improving application of DSS prototype tool 

Participants provided feedback on improving the design assistance tool to support 

decision-making when designing spaces for older persons with vision loss. 

– Theme 1: Reliability  
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– Theme 2: Functional correctness 

– Theme 3: Usability  

– Theme 4: Interoperability 

 

The outcomes of the qualitative research activities conducted during expert validation study will 

be discussed in the following sections. 

 

Data Evaluations  

The researcher audio-recorded and manually transcribed all the interview sessions before 

analyzing the data. These dialogues were lengthy and unsystematic. However, responses to 

each question contained data that could be connected to different categories and themes. 

Manual coding process was used for both collaborative immersive design case study as well as 

expert validation study. The data classification and evaluation process has been discussed in 

Section 6.7. Figure 6-19 shows the manual coding process of segregating information based on 

the positive and negative comments. The researcher analyzed the positive as well as negative 

perspectives for all the themes. This simplified the evaluation process. The classification of each 

category and theme and its relation to the comments will be discussed in detail in the following 

sections.  

 

7.7 Category 1: Current Design Practices 

The first few questions during the interviews were related to determining current design 

practices used by the participants to design supportive environments for older persons and 

persons with vision loss. This set of questions was formulated to help the researcher 

understand the nature of the design process used by the larger population of potential decision 

support system (DSS) users. The researcher also delineated the problems within the current 

design system in order to find possible solutions.  

 

P1, an ophthalmologist, recommended as a first step that designers evaluate their design to 

assure it caters to the visually impaired or totally blind occupants. Persons with vision loss need 

different design cues than that of persons with no vision. As the vision loss condition 

progresses, older persons lose the ability to resolve contrast and, consequently. P1 

recommended that designers should consider designing appropriate illumination levels and 
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reduce glare sources. P1 suggested that specific types of vision loss affect design decisions 

differently. For example, persons with peripheral loss fail to detect barriers in environment under 

poor contrast levels.  

 

P2, a lighting designer, P6, an architect, and P8, a lighting designer, have used literature 

interpretations and tested eyeglasses that give an impression of various forms of eye 

deformations or degradations to inform the initial design decisions. P5, an interior designer, and 

P6 and P7, both architects, suggested that typically the first step was to work with the client and 

the other project stakeholders to map the design program functionalities based on the budget of 

the project. 

 

P3, a lighting designer, P5, and P7 recommended examining design guidelines to find minimum 

requirements relevant for older persons. Additionally, the participants suggested that current 

design guidelines do not sufficiently inform them about assessment measures for designing 

spaces for older persons with vision loss. Consequently, designers use past professional 

experiences to assess the viability of the design.  

 

Participants 2, 3, 4, 5 and 7 suggested the main design considerations were to maintain high 

contrast between interiors finishes to create distinct edges without creating any glare and to use 

simple geometric patterns to make things easy to see. P4, a mechanical lighting engineer, 

suggested that the Radiance lighting analysis tool is overused by most designers and preferred 

using manual Hopkinson-Cornell formula to calculate the Daylight Glare Index (DGI) over 

photorealistic lighting modeling methods. P4 emphasized the importance of luminance values 

over illuminance when designing spaces for older persons with vision loss.  

 

7.8 Category 2: Use of Prototype Tool for Design Decision-making 

Most of the interview questions were focused on finding the participants' perspectives on the 

values or benefits of the prototype. To arrive at a study outcome, the researcher wanted to 

understand the opinions of this diverse group about the usability and functionalities of the 

prototype. The value of the tool to support decision-making was determined by analyzing how 

the participants evaluated the demonstrations of case study space design with respect to a 

vision-impaired occupant.  
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7.8.1 Theme 1: Usability of Prototype Outputs for Design Decision-making 

The major purpose of this theme was to evaluate the usability of the prototype outcomes for 

decision-making when designing spaces for older persons with vision loss. The researcher 

demonstrated the prototype re-representations of the case study spaces as seen by older 

persons with vision loss to get the participant’s opinion on using the prototype functionalities for 

design decision-making. Figure 6-20 and Figure 6-21 shows the re-representation of the spaces 

along the case study hallway, demonstrating perception distortions resulting from the loss of 

central and peripheral vision.  

 

The participants were in agreement that the prototype output representations were 

understandable. P1 used the demonstrations of partial animations re-representing the case 

study’s interior spaces as seen by older persons with vision loss to detect design flaws. P1 said: 

“When walking down the hallway, all of a sudden the couches become a trip factor and when 

you make the turn into the smaller corridor, the contrast was so poor, a person could have 

crashed into a wall. Everything about the simulations was right. I would say continue on with 

what you are doing.” 

 

Though all participants were of the opinion that the prototype tool demonstrates potential for 

application as design assistance tool when designing spaces for older persons with vision loss, 

they also wanted the prototype tool to be upgraded to include several other functionalities that 

were important to inform design decision-making. Section 4.4.2 demonstrates the rationale for 

using a hemispherical fisheye view instead of the more typical parallel view, as it is closer to 

how the human eye sees spaces, covering wide-angle range of binocular vision (approximately 

210°). Participants 2, 4, 5, 6 and 8 were skeptical about using fisheye 2D representations during 

the design process. P2 also believed that a screen based representation cannot completely 

satisfy the luminance and brightness levels of the real world. P2 said: “I understand that, maybe 

an eye sees a spherical world, but architects are not used to seeing a warped world in the 2D 

representations of their design. Architects typically develop parallel view 2D renderings. Maybe, 

another option to this would be to convert parallel view 2D rendering into a warped eye image 

using the prototype tool functionalities.”  
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Participants 2, 3, 4, 5 and 6 wanted additional capabilities to allow them to evaluate and control 

contrast, glare and directionality of the light in interior spaces during the design process. P4 

wanted to use the prototype tool to perform quantitative design calculations from the standpoint 

of older persons with vision loss.  

 

7.8.3 Theme 2: Functional Correctness 

Pressman (2010) suggests that functional correctness is the degree to which the prototype 

functionalities satisfied the objective of improving decision-making when designing spaces for 

older persons with vision loss for the following sub-attributes:  

 Correctness or appropriateness of the prototype functions 

 Search and retrieving capability 

 

Figure 7-3 shows a part of the prototype GUI tool with the two slider tools A and B used to 

demonstrate the progression of the degrees of central and peripheral vision loss respectively.  

 
Figure 7-3: Part of the prototype GUI tool highlights the two slider tools A and B used to demonstrate the 

progression of the degrees of central and peripheral vision loss respectively 
 

The left and right end points of the slider A establish the degrees of early and late stages of 

central vision loss, respectively, in conditions such as macular degeneration, whereas, the left 

and right end points of the slider B establish the degrees of peripheral vision remaining, 

respectively, in conditions such as glaucoma and retinitis pigmentosa. This adjustment was 

made to accommodate the input requirements for the algorithms. The central vision loss 

algorithm used input of the degrees of central vision loss to produce the representation 

whereas; the peripheral vision loss algorithm used input of the degrees of remaining peripheral 

vision to produce the representation.  

 

A 

B 
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P1 and P8 commented that differences between the slider readings for central and peripheral 

vision may confuse the user and said sliders A and B must be consistent. The researcher 

recognizes this as an error that must be fixed in the future prototype interface. P8: “As you drag 

the slider towards the right the size of the central vision loss increases. On the other hand, as 

you drag the slider towards the right the size of the peripheral vision loss reduces which is just 

the opposite and that’s confusing.”  

 

Figure 7-4 shows a part of the prototype GUI tool with the two slider tools that were used to 

demonstrate the progression of the intensity and eccentric viewing of the central and peripheral 

vision loss. P1 suggested that people with peripheral vision loss have the most problems when 

their vision is limited to a range between 5 to 8 degrees, which is lower than the legal blindness 

limit of 20 degrees. P1: “I would like you to bring the late stage end point for peripheral vision 

loss slider, down to 4 degrees or less than that, as it would be much more important to 

understand what’s going on, and to make better design decisions.”  

 
Figure 7-4: Part of the prototype GUI tool with the two slider tools that were used to demonstrate the 

progression of the intensity and eccentric viewing of the central and peripheral vision loss 
 

P1: “This representation of central vision loss is a good example of either macular degeneration, 

or diabetic retinopathy. Diabetic retinopathy would not be exactly like that but I don’t think you 

need to be exact. I think this is a very good simulation because what you are calling intensity is 

like a degradation of the contrast, and that’s almost what contrast would look like.”  

 

P1: “Until 2006 laser therapy was still being used to treat the human eye. Laser therapy causes 

obliteration of the central vision, producing a representation that looked like a black hole in the 

center. However, with advancement of new treatment certain types of central vision loss are not 

getting to the advanced stages. Additionally, there are significant variations in the type of 

macular degeneration, due to which you will lose pockets of vision. So the representation is not 
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a cut and dry, and I think what you have to do for your study and your program is essentially, 

you should have a generalization, as you can’t have every type of representation. 

Representation is a very complex process but I think for a general public this is a wonderful 

presentation.” 

 

Figure 7-5 shows the representation of the central vision loss recommended by P1 and adopted 

from Bruce P. Rosenthal and Donald C. Fletcher et al. (2003). 

 
Figure 7-5: Representation of the central vision loss recommended by P1, an ophthalmologist and 

adapted from Bruce P. Rosenthal and Donald C. Fletcher et al. (2003). 
 

P1 shared the central vision loss representation from a study conducted by Novartis Ophthalmic 

and suggested that the simulation of the central vision loss representation generally captured 

the vision information loss. P1also suggested that the representations were appropriate for the 

function of informing early design decision-making. Additionally, P3 and P8 were of the opinion 

that the functionality of the histogram for design decision-making was questionable, the 

application of the color channels for design decision-making must be clarified in the future 

models. P3: “Well the histograms were the only thing that I didn’t understand probably and its 

functionality must be corrected in the future model. But the rest of the information made sense. 

Most architects that I work with are going to understand the luminance map and the vision loss 

functionalities.” 
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7.9 Category 3: Confidence in Prototype Tool 

These sets of questions were developed to find the prototype operational benefits and usability 

for designing spaces for older persons with vision loss. Because participants did not beta-test 

the prototype tool, most of the responses were based on the prototype demonstrations and the 

case study representations. The benefits and cost threshold were established to determine the 

effectiveness and adoption of the full DSS application version for decision-making, particularly 

for designing spaces for persons with vision loss. The participants commented on the 

confidence on the prototype outcomes. The usability of the prototype tool was established by 

comparing user feedback for similarities and differences.  

 

7.9.1 Theme 1: Reliability of Central and Peripheral Vision Loss Representations 

The reliability of central and peripheral vision loss representations was evaluated by analyzing 

the participants’ opinions on their application for design decision-making. All participants were in 

agreement that the approach taken through this study to represent spaces for older persons 

with vision loss is a reasonable beginning. Participants 5, 6, and 7 were of the opinion that 

vision loss representations were appropriate for design decision-making. P6 was of the opinion 

that the vision loss representations were more accurate at depicting how older persons with 

vision loss would see and experience space than the results with vision impairment glass 

 

P4, a lighting designer and engineer, was interested in being able to use the vision loss 

representations for quantitative design evaluations. Since those capabilities were not available 

in the prototype tool, P4 was not confident about the use of the vision loss representations for 

informing decision-making for lighting engineering purposes.  

 

In general, participants were of the opinion that the vision loss representations will be useful for 

decision-making when designing spaces for older persons with vision loss. However, 

participants with design backgrounds were unable to confirm the accuracy of the vision loss 

representations. These participants wanted the researcher to involve vision science experts in 

another study to validate the representations of central and peripheral vision loss and confirm 

their accuracy. These participants suggested that the validity of the vision loss representations 

would increase their level of confidence in using the proposed design assistance tool. P2: “I 
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think the vision loss representations will be useful for design decision-making as long as I know 

that they are accurate.”  

 

Both the ophthalmologists were of the opinion that the vision loss representations were a 

reasonable beginning. However, the designers had varied opinions on the topic of accuracy of 

the vision loss representations. Even though, the designers generally were in agreement that 

due to the heterogeneous nature of the vision loss conditions, it may be difficult to achieve exact 

vision loss representations; they needed this information coming from a reliable source for 

example an optometrist or a person with the vision loss condition. The opinions on reliability of 

the representations was improved, when the researcher told the participants that the 

representations were approved by other participants who were experts in vision science and 

work with people suffering from some of these conditions.  

 

7.9.2 Theme 2: Reliability of Prototype Tool for Decision-making 

The participants wanted to be able to rely on the tool and feel confident that the design derived 

as an outcome of the prototype tool would work each and every time. Pressman (2010) defines 

reliability as the extent to which a program can be expected to perform to its intended function 

with required precision. The researcher evaluated the participants’ opinions on the reliability of 

the prototype tool. The participants identified current DSS prototype design limitations that 

detracted from reliability.  

 

Participants 4, 5, 6, 7 and 8 suggested that the post-demonstration study vision loss 

representations confirm usability of the prototype tool to identify and mitigate design flaws early 

in the design process. The tool both supports and validates design decisions. However, P4 and 

P5 also suggested that currently, the design application of the prototype tool is limited and must 

be further developed as an inclusive decision making tool. For example, P 4 suggested that the 

usability of the tool would need to be improved by introducing functionalities to calculate factors 

such as luminance, contrast, and glare. According to Participants 2, 4, and 7, the prototype tool 

was appropriate for design experts with prior experience with designing spaces for older 

persons with vision loss. However, the participants were of the opinion that the prototype tool 

does not sufficiently inform decision-making for designers with low experience, who struggle to 

make appropriate early decisions.  
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The participants were of the opinion that the prototype tool has the potential to reduce the need 

to depend on mockups and vision simulator glasses. P4 wanted evidence of the accuracy of the 

prototype tool in order to stop relying on mockup systems. P4: “If I have got confidence in this 

prototype tool I will not need to depend on mockup systems but I need to be sure that the 

prototype outcomes are accurate and credible.” P2 was of the opinion that the prototype can be 

used in conjunction to mockups, to reduce the need to build mockups early in the design 

process. P6: “Typically we use rough mockups during early planning phase. However the use of 

simulator glasses limited as we don’t have sufficient space in our office to test the simulator for 

design scenarios. I think the decision support tool will reduce the need for mockups and 

simulator glasses considering it will be more acceptable to our design team for the process of 

design.” 

 

The reliability of the prototype tool was directly related to the willingness of the participants to 

buy the tool for professional design application. When asked if they would be willing to purchase 

the tool for professional application, all participants said “yes.” Participants suggested that if the 

prototype tool improves design decision-making, then it would be beneficial for their design 

practices. Participants 4, 5, 6, 7 and 8 suggested that a significant portion of their work 

concerned designing spaces for older persons and, a significant amount of revenue was 

generated from these projects. P5 was willing to incur a one-time purchase for the prototype tool 

including updates, at a cost ranging between $1000 and $2000. P8 suggested that its design 

firm would be willing to pay as much as $5000 initially and based on its usability, an additional 

amount for the upgraded versions of the tool. P6 suggested that the prototype tool had the 

potential to be comparable to the CAAD tools SketchUp and Revit and was willing to pay 

amounts in the range of $1000 to $5000 to buy the tool. P6: “Yes we would be willing to buy the 

tool and try it as an application to our design work. If the price point is comparable to other 

software design packages that are out there like the modeling packages SketchUp or the Revit 

package.” P7 was the most experienced design professional in the group with more than 40 

years of architectural design experience. P7 used old school manual drafting methods in 

comparison to the modeling methods to assist design development. With low modeling 

experience P7 was not able to provide the acceptable price range to buy the design assistance 
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tool for professional application. However, P7 was positive about the usability of the tool and 

was willing to buy it. P7: “I can’t give you a number for that, but I am willing to pay for the tool.” 

 

P1, an ophthalmologist, was of the opinion that the proposed prototype tool was suitable to 

provide decision-making assistance to design professionals. However, P1 was not sure about 

its application by clinicians other than for educational purposes. P1: “As an architect and 

designer, the prototype tool is suitable to support decision-making when designing spaces for 

older persons with vision loss. But what is the purpose of this tool for a clinician like me? I am 

thinking if the tool were used to educate families of patients or resident students I will be willing 

to pay somewhere along the lines of $25 or $50 to buy the tool.” 

 

Participants 2, 3, and 4 were lighting designers and worked on a diverse range of design 

projects. These participants were willing to pay for the tool if the developers were able to 

demonstrate reliability of the tool for decision-making when designing spaces for older persons 

with vision loss. P3 and P4 were willing to pay between $500 and $1200 for the tool. 

Participants 2, 3 and 4 were willing to buy the tool provided the outcomes gained from the tool 

are valid. These participants suggested that there is a need to immerse vision science experts 

in a study to beta test the vision loss representations generated from the prototype tool. The 

participants wanted to be sure that the tool is giving accurate information. P4: “Assuming that 

probably it’s a moderately inexpensive program, I will be willing to pay between $500 and $1000 

max. However, I am not going to use the tool no matter how much it costs, if the outcomes of 

the tool are not valid or accurate. You need a study that involves experts such as 

ophthalmologists to beta test the prototype tool and demonstrate the validity of the outcomes 

and show that the tool is giving me accurate information.” Table 7-1 shows the willingness of 

participants to buy the tool. 
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Table 7-1: Willingness of participants to buy the tool 

Participants Willingness to buy the 

tool 

Amount (dollars) 

P1 Ophthalmologist Yes Between 25 to 50 

P2 lighting designer Yes Between 500 to 1200 

P3 lighting designer Yes Between 500 to 1000 

P4 lighting designer/engineer Yes Between 1000 to 2000 

P5 Interior designer Yes Between 1000 to 2000 

P6 Architect Yes Between 1000 to 5000 

P7 Architect Yes Not available 

P8 Architect/senior residences Yes 5000 

 

7.9.3 Theme 3: Usability of the Prototype Tool 

The participants provided responses on the software quality based on the ease of use or 

usability of the prototype tool. According to Pressman (2010), the degree to which the software 

can be usable can be evaluated by the following sub-attributes:  

 Understandability 

 Learnability 

 Operability 

 Decision making 

 

All participants were in agreement that the proposed prototype tool is the first of its kind and has 

the potential to be a powerful and user friendly tool for designing environments for aging, 

particularly accommodations for persons with vision loss. P4 also suggested that the design 

assistance tool would significantly benefit design of public spaces such as healthcare facilities, 

learning centers and retail malls. P6: “When designing institutions with older populations, having 

this prototype tool would be very powerful to show the client how their patients and residents are 

going to experience the space. I think it would be a great tool, to use in the design and planning 

process.”  

 

According to P3 the prototype tool can be used to demonstrate the rationales for the design 

decisions among the project stakeholders and the client. P3: “Oh absolutely, the prototype tool 

can be used to inform decision-making when designing spaces for older persons. It will be a 
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great tool to educate the resident care staff to help them understand how spaces are seen by 

older persons with vision loss.”   

 

The participant also suggested that the luminance map functionality has potential to inform 

lighting designers for finding rationales for their design decisions. Figure 7-6 shows the 

application of the luminance map functionality for an intermediate condition of peripheral vision 

loss.  

 

 
Figure 7-6: Application of the luminance map functionality for intermediate peripheral vision loss 

 

P3: “Typically we need to develop a lot of renderings in our work and as a lighting designer I 

appreciate being able to use the luminance map for the 2D representations. It allowed me to 

experience that a threshold of luminance intensity was too close to the wall and the value of the 

intensity was higher compared to the surrounding in the Figure 7-6. I was able to understand 

that the design needs to be changed to an equidistant line up of lighting fixtures that produce a 

uniform distribution of light on the wall. This representation gives me an idea on how much time 

it would take to get back into CAAD and rendering tools such as Rhino or Radiance to make the 

required alterations and then bring the 2D representations back to experience the new design.” 

However, P3 was concerned that the prototype tool does not provide sufficient information for 

architects to understand the implications of vision loss conditions for design decisions. P3: “I will 

use the prototype to validate my design decisions. However, I am not sure if prototype tool 

provide sufficient information for architects to understand how to use the representations of the 

vision loss progressions to mitigate design flaws.”  

 

A threshold of luminance 

intensity is too close to the wall. 

The value of the intensity is 

higher compared to the 

surrounding 
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All participants were in agreement that the prototype has the potential to make designers more 

sensitive and aware about the design needs of older persons with vision loss. P2: “The design 

assistance tool sounds like a good idea because I can theorize how people with low vision see 

spaces. It is extremely helpful that architects will be able to render spaces as seen by older 

persons with vision loss, so that clients can look at and feel the effect of vision loss for various 

design iterations.” 

 

7.10 Category 4: Suggestions on Improving Representation of Central and Peripheral 

Vision Loss 

These sets of interview questions were focused on the future prospects of development of 

central and peripheral vision loss representation to serve design professionals. Overall, the 

understanding gained from the post-demonstration study was intended as a guideline to inform 

future studies on developing simulations for representing vision impairments. 

 

7.10.1 Theme 1: Improve Functional Correctness  

According to P1, an older person with vision loss may experience other issues in addition to 

impaired vision and information about the person’s traits and behavior would also be useful to 

inform design decision-making. P1: “It’s not just vision loss issues with older persons with 

diabetic retinopathy they also develop issues in other areas of the body, for example their toes, 

they will get something called retinopathy, so trip factors become important, a carpet that is 

typically not trip factor becomes a trip factor because they can’t feel it well. Not everybody will 

experience the same issues, but they have certain debilitating conditions, which might cause 

difficultly to perform daily activities. Designers can use this information to design better spaces 

for older persons with vision loss” 

 

P1 demonstrated interest in taking this study a step further by collaborating with the vision 

impaired population and ophthalmologists in a professional clinical trial to evaluate the functional 

correctness of the vision loss representations. Additionally, the participant also proposed using 

clinical trial methodology to gather information on the behavior traits and vision functional 

difficulties among older persons with vision loss. P1 suggested that this information can be used 

to develop prescriptive knowledge. Figure 7-7 shows the representation of central vision loss 

generated using the prototype tool.  
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Figure 7-7: Representation of central vision loss generated using the prototype tool 

 

Participants 2, 3 and 4 were concerned if the central vision loss should have been represented 

as a black region instead of a gray region as shown in Figure 7-7. During the prototyping 

process, the researcher communicated with vision science experts to get information on 

developing appropriate central and peripheral vision loss representations. Additionally, the 

representations were re-examined by vision experts participating in the post-use study as well 

post-demonstration study. These expert participants approved the representations as 

appropriate for design decision-making. Participants 2, 3, 4 and 6 were of the opinion that vision 

science experts could evaluate the accuracy of vision loss representations as a separate study 

in the future. Consequently, the researcher agreed there is a need to conduct separate studies 

in the future, involving experts from vision science as well as the building design community to 

develop vision loss representations appropriate for design decision-making. Research 

collaboration between experts from various disciplines will potentially eliminate concerns 

regarding the correctness of the vision loss representations and the issues related to reliability 

of using the representations to inform decision-making. 

 

Additionally, P1 suggested that there were significant variations in the appearance of central 

vision loss conditions such as macular degeneration and it was appropriate to use a generic 

program to represent the vision loss conditions. The participant suggested that trying to gather 

information to produce exact vision loss representations would be a complex process and the 

representations generated by the prototype tool were good representation for the purpose of 

informing designers. P1 said: “In the past nine years, changes in therapy have changed the 

perception of what the vision loss condition looks like. Until 2006, laser was still being used. Use 

of laser obliterates central vision and causes a black hole. However, with advancement of new 

treatment certain types of conditions are not getting as advanced. However there are different 
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types of macular degeneration with significant variations due to which the person loses pockets 

of vision. I think this is a wonderful presentation that can be used to inform designers about the 

vision loss conditions. Your program should use generalization of the vision loss condition, as 

you can’t demonstrate every perception and developing exact vision loss representation is a 

very complex process.”  

 

However, the participants with design background were interested in the reliability and accuracy 

of the vision loss representations. P2 was interested in understanding the distortions affecting 

the field of vision. P2 wanted the full-fledged design assistance tool to provide guidance such as 

a tutorial on how to work with this tool. P2 suggested that even though the obscured central 

scotoma transitioned to a blur, this obscuration ended midway and the remaining portion of the 

representation was unaltered and seen clearly. In order to appropriately represent central vision 

loss, P2 recommends adding a function that simulates the typical peripheral eccentricity along 

with the central vision loss simulation. P7 said that vision loss has a broad spectrum of ability 

and nature, and it may be difficult for architects to realize the full extent of their problems. But it 

would be useful to get some sense of the impairment to improve design decision-making. P2 

suggested that the vision loss representations were a rough start, and the future model must 

allow simulation of eccentric scanning, and the ability to turn the head to weigh the area around 

the obscured vision. P8 preferred using static images rather than the partial animation of the 

walkthrough. P8: “I didn’t think the demonstration of the stream of images into a video was 

useful. It went fast; otherwise I think a series of images was just fine.”  

 

7.11 Category 5: Suggestions on Improving Application of DSS Prototype Tool 

These sets of interview questions were focused on the future prospects for the fully developed 

version of the DSS system to serve design professionals. Overall, the understanding gained 

from the post-demonstration study was intended as a guideline to inform future studies on 

developing a fully functional DSS tool for designing facilities for older persons with vision 

impairments. 

 

7.11.1 Theme 1: Reliability 

As the eight participants of the expert validation study did not beta test the tool, the participants 

provided limited information about the confidence in the prototype tool. The participants 
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provided rationales and expectations to improve reliability of the future full-fledged design 

assistance tool. P2 and P5 recommended making the future tool more advanced to assist 

decision-making for a broad variety of design functions. The participants observed that the 

current prototype tool allows manipulation of terminal processed images to demonstrate the 

representations of various vision loss conditions, and to evaluate brightness, contrast and color 

based on the screen display. However, these are only limited design assistance capabilities. P2 

and P3 suggested that the next generation of prototype design assistance tool must be built on 

similar lines of conceptual modeling tools such as the Photoshop, HDR light studio 

https://www.lightmap.co.uk/hdrlightstudio/ and SketchUp that can be used to quickly understand 

implications of initial design decisions. Additionally, there is need for more progressive design 

assistance tools that can inform decisions during the later design and construction phases. For 

this purpose the participant recommends directly associating the prototype tool to 3D software 

such as Revit and Rhinoceros and photorealistic rendering tools such as Radiance. Figure 7-8 

shows the view of the hallway for the case study Friendship Residents Center.  

 

 
Figure 7-8: Hallway for case study project - Friendship Residents Center 

 

P3: “Designers wrestle with interior lighting to some degree. For instance, in Figure 7-8 both of 

these walls have wall wash light on them, something is causing the brightness on the left return 

wall, but there is no brightness on right return wall. You will see minimum diagonal shadow 

above the door. So in a way, this rendering has a light source somewhere off to the right, that 

cannot be determined in a 2D representation. One has to use photometric light rendering tool 

such as Radiance to add or identify light sources in renderings. However, this prototype 

program does not have 3D modeling or rendering capabilities to try different design variations. 

3D modeling and rendering may not be the purpose of this prototype tool but its design 

capability is a critical part for designer’s decision-making process.” 
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The researcher agrees that the future generation of the prototype tool must be associated with a 

3D development and rendering tool. However, the researcher finds the argument of depicting 

conceptual tools such as Photoshop, and SketchUp, debatable. When designing spaces for 

older persons with vision loss, the photometric quality of the 2D rendering must closely 

represent real world lighting quality and using SketchUp or Photoshop to add artificial light 

fixtures may appear cartoony. Additionally, the reflections and directionality of light achieved by 

using these methods may not be accurate. There is a need to collaborate with vision science 

experts and architects to gather consensus on using appropriate 2D representations in terms of 

its photometric and photorealistic quality and for using fish-eye views.  

 

Participants 3, 4, 6, 7 and 8 said the reliability of the prototype tool to improve decision-making 

when designing spaces for older persons with vision loss should be evaluated by implementing 

the tool for real design projects. P6: “I think the prototype tool will get traction in the market 

place. But obviously you need to balance the return on investment. There is need to implement 

the tool for a couple of real design projects in a kind of trial or experimenting to evaluate the 

reliability of the tool for design decision-making.” In response to P6’s suggestion, the researcher 

suggests the prototype tool is still in its preliminary stages of the development and may not be 

suitable for full implementation into a real design project. However, P6 was positive about the 

prototype tool’s potential to improve design decision-making.  

 

As a follow up to this study, P6 contacted the researcher via email to express interest in 

collaborating with the researcher to beta test the prototype tool for upcoming design projects. 

P6’s firm focused on providing design services to institutions serving older persons such as 

nursing homes, assisted living and resident centers. P6 was willing to evaluate the potential of 

the prototype tool to inform design decision-making and to provide feedback on improving the 

functional capabilities of the prototype tool. The researcher has accepted to be a part of this 

experimental process and suggested that the prototype tool will be provided to the firm after a 

few revisions that result from this study. The subsequent experiment is not a part of this 

dissertation. It is based on the researcher’s intent to pursue the objective of evaluating the 

usability of the prototype tool for improving decision-making when designing spaces for older 

persons with vision loss.  
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One of the major gaps in decision-making when designing spaces for older persons with vision 

loss is the lack of a proper metric system to measure low vision conditions in terms of glare 

index, contrast, brightness, finishes, or other design features. None of the participants were able 

to give any instances of using or developing metrics for measuring design features such as 

glare index, contrast or brightness when designing for older persons with central or peripheral 

vision loss. P8: “This is where I feel I am an ignorant architect, they don’t have the metrics. I 

don’t have any information at this point.”  

 

The participants used guidelines, case studies and prior experience to conduct qualitative 

evaluations to make guesstimates about the appropriateness of the design metrics for older 

persons with vision loss. In addition to qualitative evaluations there is a need to develop design 

metrics for features such as glare index, contrast, and material finishes informing quantitative 

evaluations of design from the perspective of older persons with vision loss. Introducing 

functionalities supporting quantitative evaluation in the tool would improve the reliability of the 

design assistance tool in future.  

 

P6: “Right now we tend to rely on qualitative metrics published in literature studies or guidelines 

during the planning phase.  We need more attention in this area. Our interior designers depend 

on color specification when dealing with certain parameters such as contrast, brightness and 

glare index and these are typically based on manufacturer’s specs that are updated with current 

data and research. Although there are tools to measure photometric quality of spaces using light 

meters but, it’s only a suggestive process. There were no tools prior to this prototype tool that 

helped designers to see and experience what the space would look like for older persons with 

vision loss. There is a need to develop quantitative metrics that can help designers evaluate the 

appropriateness of their design for older persons with vision loss.” 

 

7.11.2 Theme 2: Functional Correctness 

The participants provided feedback on improving the correctness of the prototype functionalities 

for decision-making application when designing spaces for older persons with vision loss. 

According to P4, the future full-fledged design assistance tool could be developed on a CAAD 

based interface, instead of an image based interface. P4: “I am able to detect design flaws 

using the vision loss renderings of the case study spaces. I would like to use this prototype tool 
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to change the design features such as the intensity of the light sources and type of light fixtures. 

But I cannot perform major quick design tweaks using image-based renderings. These tweaks 

need to be performed using CAAD based design assistance interface.”  

 

Participants 2, 4 and 8 say that the tool needs to include more information on appropriate 

photometric representation approaches for the central and peripheral vision loss discussed in 

Section 4.4.3 and Section 4.4.4. The participants also suggested that there is a need to re-

evaluate the appropriate representation of human vision. Participants 2, 4, 5, 6 and 8 preferred 

using parallel view image representations over fisheye image representations for the design 

process.  P4: “I am not sure if the human eye sees distorted walls as shown in the fisheye view 

in Figure 6-4. The tool should include information on the rationale for the range of the field of 

vision and the approach used to develop the photometric representations of the central and 

peripheral vision loss.” 

 

Participants 3, 5, 6 and 8 also suggested that the full-fledged design assistance tool should 

include a degradation function to demonstrate the loss of color vision due to cataracts that 

cause yellowing of the lens. P8: “Functionality of the tool can be improved by introducing a 

degradation function for color representation reproducing the yellowing of the lens caused due 

to cataracts affecting older persons. Color is one of the first issues that we look at from an 

interior design point, so if that functionality, were made available in the tool, it would improve the 

usability of the tool.  
 

7.11.3 Theme 3: Usability  

Through this theme the researcher captured the participants’ feedback on the design decision-

making opportunities that need to be implemented in the future prototype design assistance 

interface. Participants 2, 4, and 7 said the prototype tool must include recommendations that 

provide information on the appropriate process of designing spaces for older persons with vision 

loss. The participants with design background also suggested that the prototype tool must 

demonstrate good and bad examples of decision-making. The researcher suggests adding 

database of demographic information on the selected vision loss conditions effecting older 

persons to the design assistance tool. The demographics must be demonstrated to help the 

designers decide on the frequency of the vision loss conditions affecting the older population. 
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Additionally, demographics must provide information on the intensity of the vision loss 

progression based on age, gender and institutions. P8: “I think it’s a good beginning and I like 

the fairly simple functionality of the tool. But I think I want additional information about the 

progression of the vision loss conditions. If the slider’s scale, could somehow represent the 

beginning of a disease process or age of a typical person or something that makes it real to 

someone. If you could do that it would bring reality to it. I want the prototype to provide 

examples and rationale for the adverse impact of proscriptive design decisions on older persons 

with vision loss.”  

 

P4 recommended that the prototype tool can be used to demonstrate the application of the 

established design guidelines to inform decision-making when designing spaces for older 

persons with vision loss. P2 suggested that the functionality used to compare prototype 

outcomes would be useful for design decision-making. However, P2 also suggested that the 

current functionality was limited and only allowed comparisons between 2D output 

representations that were simulations of spaces seen by persons with normal vision versus 

spaces seen by older persons with vision loss. The comparison functionality can help designers 

to select appropriate design alternatives based on the type of condition and the level of vision 

loss progression affecting the potential occupants. P3: “The compare functionality is a good 

feature, but here you are only comparing an unobstructed view to an obstructed view, whereas it 

might be useful to compare a similar obstructing view of two different design renditions of the 

same view. For example, compare 2D representations of a space with lighter walls versus the 

2D representations of the same space with gray walls. The comparisons will be useful to see 

whether changing lighting fixtures or wall finishes will read differently after applying the vision 

loss algorithms on their representations.” 

 

P5 suggested that the full-fledged design assistance tool should include all the vision loss 

conditions affecting older persons with vision loss. P5: “I think the representation of the central 

and peripheral vision loss produced by the prototype tool is good. But as a business owner we 

are supposed to be making money. When I think from the business stand point, I would like to 

see the tool expanded to other vision options or conditions affecting the older persons.” P2 also 

recommended developing a design tool for vision impairments affecting all age groups.  
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P2 suggested that architects may require some training to understand the application of some of 

the prototype functionalities for design decision-making: “Architects with little knowledge may 

have no idea what prototype functionality for luminance map is used for during the design 

process. They will need some training to understand the appropriate method of using the 

prototype tool. For example, high dynamic range images are compressed to acceptable range of 

the display screen as opposed to luminance map which is capable of presenting the actual 

photometric range. This information is valuable for decision-making, but not all designers may 

know how to use this information during the design process. The prototype tool needs to include 

explanation on distinction between the compressed ranges of high dynamic range images in 

comparison to the dynamic photometric luminance map.” 
 

7.11.4 Theme 6: Interoperability 

According to Pressman (2010), interoperability is the effort required to couple one system to 

another. Through this theme the researcher tried to capture participants’ opinions on improving 

the interoperability of the future design assistance tool with the existing CAAD and image based 

applications. Participants 2, 3, 6 and 8 suggested that designers would be more likely to use the 

design assistant tool if it were used as a plugin to existing CAAD and image processing based 

tools such as Revit, SketchUp or Photoshop. P2: “I am presuming that the value of the design 

assistance tool can be improved if it were used as a plugin or an add-on to existing design tool 

such as SketchUp and Photoshop.” The participants claimed that there is a need to develop an 

interactive design assistance that works in conjunction to existing CAAD based tools allowing 

designers to control the two tools simultaneously. The participants conceptually want to 

experience the design alterations real-time on the CAAD tool as they perform the design 

changes on the 2D representations using the design assistance tool. According to P3, a spit 

monitors can be used to operate the two tools simultaneously. P3 and P6 also suggested that 

they would like to see the impact of their design alterations simultaneously in the form of 

interactive 3D animations. Figure 7-9 shows the representation of a spit monitors used to 

operate two tools simultaneously. 
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Figure 7-9: Representation of split monitors used to operate two tools simultaneously 

 

P3: “I would like to see more interaction between the CAAD based tool and the prototype tool. 

Currently, we are just looking at one monitor but if there were split monitors so that the rendered 

image can be on its own screen, while the CAAD tool can be on another screen, the user would 

be able to manipulate the image and simultaneously experience the changes on the Rhino or 

Revit file.” 

 

The participants thought this process of connecting the tools is much needed to improve 

decision-making when designing spaces for older persons with vision loss.  Developing 

interfaces for conducting interactive animations is not feasible at this point in time. The current 

computational capability and knowledge is not adequately advanced to allow developers to 

incorporate all of these suggestions.  

 

According to the researcher, development of an application in which the two systems can be 

operated simultaneously may not be straightforward. However, there is a need to develop an 

interoperable design assistance tool that shares all or some parts of its functions with other 

CAAD based and image based tools. The researcher recommends that in order to achieve this 

interaction in future, developers must consider sharing layering systems between the proposed 

design assistance tool and the CAAD system. For example, if a user uses the design assistance 

tool to conduct some design upgrades for a selected layer named A of the 2D representation. 

These alterations must be able to trigger the CAAD tool to perform the same alterations on the 

layer named A of the given 3D model of the design.  Figure 7-10 shows the layering system that 

can be used to control functionalities of the proposed design assistance tool and the CAAD tool.  
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Figure 7-10: Layering system used to control functionalities of the proposed design assistance tool and 

the CAAD tool 
 

7.12 Conclusion 

Expert validation was the second part of the qualitative research phase. In this study the 

researcher used a naturalistic system of inquiry to elicit opinions about the usefulness of the 

prototype design assistance tool when designing spaces for older persons with vision loss. 

During the study, 8 participants used demonstrations of the prototype outputs re-representing 

selected case study spaces as seen by older persons with vision loss to evaluate the tool during 

semi-structured, open-ended interviews with the researcher. The participants approved the 

application of the prototype tool and agreed it was a reasonable beginning to support decision-

making. Each participant expressed an interest in buying the design assistance tool for 

professional design purposes. The expert validation participants provided strong 

recommendations to improve design assistance functionalities and these recommendations will 

inform development of the future full-fledged tool.  

 

Chapter 8 discusses the qualitative triangulation process that involved finding the 

appropriateness of the vision loss representations and the decision-making capability of the 

prototype tool when designing spaces for older persons with vision loss. The researcher uses 

personal experience during the prototyping process and responses from the expert validation 

and the collaborative immersive design case study to evaluate usability of the prototype tool. 

  

Layer 1  
Layer 1  

Layer 2  
Layer 2  

Layer 3 
Layer 3 
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Chapter 8: Qualitative Triangulation 
 

This research broadly employed three research strategies: logical argumentation, prototyping 

and qualitative research to fulfill the objectives of the research. Through the prototyping of a new 

decision support tool, the study intended to improve the procedures for designing architectural 

space for older persons with vision loss by using a more person-centered design process. 

Logical argumentation and prototyping process were used to accomplish the following 

objectives:  

 To reference the literature to determine the conditions for the common vision 

impairments among older persons, and 

 To adopt age-related vision impairment into a prototype tool that can re-represent 

spaces during the early stages of the design process. 

 

The third objective of this study was to demonstrate the usefulness of the prototype tool to 

improve early decision-making when designing spaces for older persons with vision loss. A 

designer’s opinion on the usefulness of the prototype was helpful to understand low vision 

design requirements, and probably provides more valid indications of the true value of the 

service. It is important to note, prototype development was not aimed to serve users or decision 

makers in a particular organization, but rather to serve diverse practitioners including, but not 

limited to, architectural, and lighting design firms. Consequently, a group of vision and design 

experts were recruited to evaluate the usability of the prototype tool for decision-making when 

designing spaces for older persons with vision loss. In addition to the expert involvement, the 

experience of the researcher as a designer and developer was used as an additional data set; 

the interpretations of the interviews were used for triangulating the result.  

 

This dissertation is the first step towards developing the full model of the design decision 

support tool. Thus, for this study, the evaluation of the prototype Decision Support System 

(DSS) was made based on the “effectiveness” of the decisions produced rather than the 

computational “efficiency” of obtaining the decision (Turban et al., 2007). Therefore, it can be 

assumed that the prototype DSS developed as a part of this study can be used as a tool to 

understand the usefulness of the fully released version of the DSS that will be developed in the 

future.  
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8.1 Investigator Triangulation 

During the prototyping process, the researcher documented reflective thoughts on the 

experience of developing the prototype tool. The researcher used this information to establish 

the usefulness of the prototype tool to improve early decision-making when designing spaces for 

older persons with vision loss. The prototyping process was based on a phenomenological 

qualitative research approach using the researcher’s own perspective to establish the outcome 

of the study (Patton, 1990). However, a single qualitative research method can never 

adequately shed light on a phenomenon. According to Groat and Wang (2013), combining 

methods provides appropriate checks against the weak points in each, while simultaneously 

enabling the benefits to complement each other. This combining of strengths and neutralizing 

weakness would help strengthen the study. Consequently, in order to reinforce this study and 

reduce unwanted biases and weakness of the individual step, the researcher used multiple 

methods to facilitate a deeper understanding on the usability of the prototype (Cohen & 

Crabtree, 2006; Patton, 1990). Figure 8-1 shows the diagram of the qualitative triangulation 

process. 

 

After developing the working prototype tool, the researcher recruited design and vision science 

participants in two phenomenological qualitative research studies: collaborative immersive 

design case study and expert validation study. Dill (2014) and Polkinghorne (1989) recommend 

that researchers conduct in-depth interviews and multiple interviews with five to twenty-five 

individuals who have all experienced the phenomenon. During the prototyping process, the 

researcher recruited eight architecture Ph.D. students and two vision science experts to gather 

data informing the prototype development process. The researcher then presented the 

outcomes of the prototyping process based on personal observations made during the study. 

Four design and vision science professionals were recruited in the collaborative immersive 

design case study. Eight design and vision science professionals were recruited in the expert 

validation study.  The participants needed to devote substantial time to partake in one or more 

open-ended interview sessions, consequently limiting the number of participants involved in 

these studies. These studies were conducted as in a sequence of distinct phases. The 

researcher developed dataset categories and themes from the understanding gained through 

prototyping of a new decision support tool and adopted from McCall et al. (1977) and Pressman 
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(2010). These dataset categories and themes were used to develop open-ended interview 

questions that helped evaluate the participant’s opinion on the software quality of the prototype 

tool during these studies. 

 

 
Figure 8-1: Diagram of the qualitative triangulation process 

 

In this study, the investigator triangulation method was used to ensure gathering comprehensive 

information on the application of the prototype tool for decision-making when designing spaces 

for older persons with vision loss. In this method of inquiry, responses from multiple observers 

were combined to overcome intrinsic biases that come from a single observer or method 

(Yeasmin & Rahman, 2012). Yeasmin and Rahman (2012) identify the following types of 

biasness:  
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 Measurement bias: inconsistent data collection method 

 Sampling bias: not covering all the population under study 

 Procedural bias: participants are put under some kind of pressure to provide information 

 

According to Cross (2006) expert judgments are not as well behaved as data collected in a 

laboratory. Consequently, judgments from multiple experts were cumulatively evaluated, to take 

into account some issues of relative expertise and redundancy among the experts. The final 

outcome largely depended on the researcher’s interpretation of the collected data from these 

studies. The goal of the qualitative research was to gain a holistic overview of the context under 

study (Miles & Huberman, 1994). The understanding gained from the researcher interpretation 

of the prototyping process, post-use and the post-demonstration study was used to get deeper 

meaning about the following:  

 To check consistency of findings generated by different data collection methods,  

 To examine consistency of findings generated by different data sources or participants 

within the same data collection methods, 

 To find challenges in application of the design assistance tool for decision-making when 

designing spaces for older persons with vision loss,  

 To gather knowledge that can contribute to finding next steps that can be directed 

towards revising the prototype tool, and  

 To gather knowledge that can contribute to direct future research possibilities in 

developing a full-fledged design assistance tool. 

 

The following section discusses the significance of findings from different data collection 

methods and different sources. This process is used to maintain consistency and obtain deeper 

meaning from the findings generated by different data collection methods. 

 

8.2 Significance of Findings from Different Collection Methods  

Each data collection method significantly influenced different software qualities of the proposed 

prototype tool in comparison to other methods. During the prototyping process, the researcher 

interacted with designers and vision science experts to map the requirements and software 

features for developing the design-assistance prototype tool. Additionally, the researcher had 

firsthand prototype development experience and established the limitations of the prototype tool 
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and the future possibilities of improving on the development of a full-fledged design assistance 

tool. Even though the researcher used investigator triangulation method to establish consistency 

in the findings from different systems of inquiry, this study was particularly strong in and more 

appropriate for evaluating the following categories and themes:  

 Finding limitations of the appropriateness of the vision loss representation, 

 Finding limitations of the functional correctness of the prototype functionalities, 

 Evaluating robustness of the prototype tool to detect and mitigate errors,  

 Improving portability of tool from one environment to another, 

 Improving interoperability with other design assistance applications, 

 Improving reusability of parts of prototype functionalities for other applications, and 

 Evaluating the effort required to locate, test, and fix errors, or modify the program during 

the prototyping process.  

 

The participants of the collaborative immersive design case study represented stakeholders 

interested in beta-testing the prototype design assistance tool. The participants were a mix 

group of design and vision science professionals with several years of experience designing 

supportive environments for older persons or working with older persons with vision loss. In their 

capacity, the participants of the collaborative immersive case study were also involved in 

research studies focusing on improving decision-making when designing spaces for older 

persons with vision loss (Section 6.5.1 provides detailed information on the participant’s 

background). These participants committed substantial amounts of their time to beta-test the 

prototype tool and used it to establish case study design flaws and solutions in comparison to 

participants from other studies. The researcher interpreted the observations during the beta-

testing process to establish the usability of the tool. The reasons for carrying out the 

collaborative immersive design case study include: 

 Evaluating the usability the prototype tool to inform decision-making when designing 

spaces for older persons with vision loss,   

 Evaluating the functional correctness of the prototype functionalities to inform design 

decision-making, 

 Evaluating the appropriateness of the vision loss representations, 

 Evaluating the reliability of the vision loss representations for design decision-making, 
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 Gathering knowledge contributing to the next steps directed towards revising the 

prototype too, and  

 Gathering knowledge contributing to next steps directed towards revising the vision loss 

representations. 

 

The participants of the expert validation study represented potential buyers of the full-fledged 

design assistance tool. The participants were a mix group of design and vision science 

professionals with several years of experience designing supportive environments for older 

persons or working with older persons with vision loss. These participants were design and 

vision science professional leaders and decision-makers, responsible for influencing the 

approval of the design assistance tool for professional application (Section 7.3 provides detailed 

information on the participant’s background). The participants of the expert validation study used 

demonstrations of the application of the prototype tool to develop case study design 

representations as seen by older persons with vision loss to provide opinion on the usability of 

the prototype tool. The participants provided feedback on their expectations from a full-fledged 

design assistance tool. The reasons for carrying out an expert validation study include: 

 Evaluating the appropriateness of the vision loss representations, 

 Evaluating the reliability of the vision loss representations for design decision-making,  

 Evaluating the usability the prototype tool to inform decision-making when designing 

spaces for older persons with vision loss, 

 Evaluating the reliability of the prototype tool for design decision-making, and 

 Gathering knowledge that can contribute to direct future research possibilities in 

developing a full-fledged design assistance tool. 

 

The researcher combined the datasets for all the categories gathered from different data 

collection methods to establish the outcomes of the study. Table 8-1 shows the comparison of 

findings between different data collection systems to inform development of full-fledged design 

assistance tool.  
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Table 8-1: Comparison of findings between different data collection systems to inform development of full-

fledged design assistance tool 
Category / Theme Post-use study participants Post-demonstration study 

participants 
Researcher Interpretation 

Positive impact on 
decision-making and 
design process 

Agree (4/4) Agree (8/8) Agree  

Correctness of vision loss 
representations  

Agree (4/4) 
Better than vision loss 
representations available from 
commercial webpages 

Agree (8/8) 
Better than vision loss 
representations available 
from commercial webpages 

Agree 
Reasonable beginning  
Need to apply upgrades 
suggested by participants 

Reliability of vision loss 
representations  

Reliable (3/4) 
Need for future collaborative 
studies involving vision 
researchers to develop 
reliable vision loss 
representations 

Reliable (6/8) 
Need for future collaborative 
studies involving vision 
researchers to develop 
reliable vision loss 
representations 

Reliable 
Need for future collaborative 
study involving vision researchers 
to develop reliable vision loss 
representations  

Reliability of full-fledged 
tool for design decision-
making 

Need to evaluate application 
of full-fledged tool for real 
design projects to gain 
confidence in the tool (4/4) 

Need to evaluate application 
of full-fledged tool for real 
design projects to gain 
confidence in the tool (8/8) 

Need to evaluate application of 
full-fledged tool for real design 
projects to gain confidence in the 
tool – Agree 

Efficiency Efficient (4/4) 
Response time performance 

N/A Efficient - Agree 
- Good graphic response speed 
- Response time performance 

Robustness Robust (4/4) 
Diagnosis and guidance to 
recover from error 

N/A Robust - Agree 
- Error detection 
- Prototype operation without 
failing 
- Diagnosis and guidance to 
recover from error 

Portability Ease of installation (4/4) 
 

N/A 
 

Portability – Good 
- Executables compatible with 
various environments 
- Ease of installation 

Interoperability Needs to be improved  
Future study to improve 
compatibility with other design 
assistance tools 

Needs to be improved  
Future study to improve 
compatibility with other 
design assistance tools 

Needs to be improved  
Future study to improve 
compatibility with other design 
assistance tools 

Reusability  NA NA Future development use Python 
to improve reusability of the 
program between CAAD tools 

Maintainability / Flexibility / 
Testability 

NA NA - Test and fix errors - Agree 
- Modify the program - Agree 

  



316 

 

Table 8-1 Cont. 
Expectations for future 
development purposes 

- User interface 
improvements.  
- Appropriate representation 
of human vision: fisheye 
view vs normal vision.  
- Appropriate vision loss 
representations.  
- Represent variety of vision 
loss conditions.  
- Provide knowledge 
distribution on the symptoms 
of persons with vision loss. 
- Connect design guidelines 
and code to the tool to better 
inform decision-making. 

- User interface improvements.  
- Dynamic updates.  
- Use better scripting tools such 
as Python to develop the full-
fledged tool. 
- Appropriate representation of 
human vision: fisheye view vs 
normal vision. 
- Appropriate vision loss 
representations.  
- Represent variety of vision loss 
conditions.  
- Provide knowledge distribution 
on the symptoms of persons with 
vision loss.  
- Connect design guidelines and 
code to the tool to better inform 
decision-making.  
- Web based design assistance 
systems.  
- Web-based data gathering and 
distribution system. 
- Cross operating system 
platforms.  
- Improve algorithms for vision 
loss representations without 
breaking the internal grid of the 
2D representation 

- User interface improvements.  
- Appropriate representation of 
human vision: fisheye view vs 
normal vision.  
- Appropriate vision loss 
representations.  
- Represent variety of vision 
loss conditions.  
- Provide knowledge 
distribution on the symptoms of 
persons with vision loss. 
- Connect design guidelines 
and code to the tool to better 
inform decision-making. 

 

The following sections discuss the qualitative triangulation method used to establish the 

outcome of the study.  

 

8.2.1 Appropriateness of the Central and Peripheral Vision Loss Representations 

The researcher asked an experienced ophthalmologist to beta-test the prototype tool during the 

collaborative immersive design case study. The researcher recruited another experienced 

ophthalmologist to review the vision loss representations during the expert validation study. 

These participants were significantly influential in establishing the appropriateness of the 

simulations of the central and peripheral vision loss representations for design decision-making 

application. Four out of ten participants with design backgrounds were particularly concerned 

about the reliability of the appropriateness of the central vision loss representation for design 

decision-making. The participants with design background recommended that there is a need to 

conduct future studies that involve vision science researchers to develop and validate the 

application of vision loss representations for design decision-making. Additionally, existing 

studies do not provide all the required and reliable information on older persons with vision 

loss—and especially on their behavior, gait and the nitty-gritty of performing everyday functions 

while accessing spaces.  
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One out of twelve participants was passionate about simulating measuring scales such as types 

of refractions if any, and level of reduction in acuity, distinction between blur and scotomas, loss 

of color due to a particular vision loss condition. However, the participants showed very little 

concern about the exactness of the condition; they were interested in the information from 

reliable sources. This opens opportunities for future studies involving vision science researchers 

to help develop and validate the application of the vision loss conditions.  Additionally from the 

architectural end, there is a need to implement the tool for real design projects. The successful 

outcome of design projects can be used as examples that can in turn improve the reliability of 

the tool among designers. Consequently, the prototype development is an ongoing process in 

such a way that it covers an array of holistic information on the vision loss representations as 

well as knowledge of their functional performance. As a result of this, future research 

collaborations between design and vision experts must be conducted to gather knowledgebase 

that can be connected the design decision support tool.  

 

8.2.2 Usability the Prototype Tool to Inform Design Decision-making  

Two out of ten participants with design backgrounds were concerned about replacing the regular 

parallel-view 2D representations with fisheye-view 2D representations during the design 

process. Additionally, it was difficult for these participants to adjust to the fisheye image 

distortions and suggested that it may be difficult for designers to break the norm of using 

parallel-view 2D representations. The participants suggested that it would be preferable if the 

prototype tool provided functionalities to convert parallel views to fisheye views, and to let the 

designers decide on the option to use fisheye over parallel view during the design process. 

 

The twelve participants claimed that the approach used to demonstrate the prototype 

functionalities were a reasonable beginning. The participants were of the opinion that the 

development of a design assistance tool is the right direction. The participants suggested that 

the prototype functionalities were easy to understand and use. The participants particularly 

highlighted the significance of the applications—luminance map, vision loss progression and the 

animate functionalities—for design decision-making. The participants identified future research 

possibilities for introducing more design functionalities that can inform decision-making. In 

addition to luminance mapping, the participants wanted the researcher to introduce 



318 

 

functionalities to evaluate and provide solutions to mitigate issues related to glare and low 

contrast in spaces. The participants suggested that the immediate next steps should be to 

connect appropriate design guidelines and information on the older persons with vision loss to 

improve the application of these functionalities for design decision-making. P8 an architect from 

the expert validation study stated: 

 

I think it’s a good beginning and I like the fairly simple functionality of the tool. 

But I think I want additional information about the progression of the vision 

loss conditions. If the slider’s scale, could somehow represent the beginning 

of a disease process or age of a typical person or something that makes it 

real to someone. If you could do that it would bring reality to it. I want the 

prototype to provide examples and rationale for the adverse impact of 

proscriptive design decisions on older persons with vision loss.  

 

Five participants with design background and extremely familiar with using design assistance 

tools were critical about functional correctness of the histogram, and the contrast brightness 

functionality. Participants were of the opinion that designers with little experience designing 

spaces for older persons with vision loss may need more guidance on the best methods to use 

these functionalities during the design process. The future version of the design assistance tool 

must include more detailed explanations to inform designers on the suitable method of using the 

tool for design decision-making. P2 a lighting designer from the expert validation study stated:  

 

Architects with little knowledge may have no idea what prototype functionality 

for luminance map is used for during the design process. Thereby, architects 

will need some training to understand the appropriate method of using the 

prototype tool. For example, high dynamic range (HDR) images are 

compressed to acceptable range of the display screen as opposed to 

luminance map, which is capable of presenting the actual photometric range. 

This information is valuable for decision-making, but not all designers may 

know how to use this information during the design process. Consequently, 

the prototype tool needs to include explanation on distinction between the 
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compressed ranges of high dynamic range (HDR) images in comparison to the 

dynamic photometric luminance map. 

 

Six out of ten participants with design backgrounds suggested that they agreed that the design 

assistance tool demonstrated significant potential to be used to support decision-making when 

designing spaces for older persons with vision loss. However, they were not completely 

convinced by the reliability of the prototype outcomes and suggested that in order to improve the 

designer’s confidence; an implementation study must be conducted demonstrating significant 

benefits of the tool for design decision-making.  

 

8.2.3 Reliability of the Prototype Tool for Design Decision-making  

The two participants with medical backgrounds were convinced by the reliability of application of 

the vision loss representations for design decision-making. However, these participants were 

not capable of commenting on the reliability of the design assistance tool for design decision-

making, even though they were confident about the potential of the tool to inform design 

decision-making. The design participants suggested that there is a need to conduct the future 

studies to validate of vision loss representation. Of course, even if one develops vision loss 

approximation, designers will end up challenging the authenticity of the representation. 

However, these opinions coming from a vision science researcher has much more value than 

from an architect. The architect must interpret these variables of progression to put value into 

the design decision-making process. Moreover, the software engineers can work on 

implementing these requirements into a prototype tool. Consequently, for the future tool it would 

be valuable to involve architects, vision researchers and software engineers to develop the tool. 

These collaborations will be useful for establishing reliability.  

 

8.2.4 Acceptable Cost 

Qualitative triangulation was not only used as a means for examining the value of the prototype 

tool for design decision-making, but also for understanding the maximum cost that end users 

might anticipate paying to obtain the tool for professional application. While the values of the 

prototype tool were extensively discussed in the previous sections, this section aims to examine 

the cost estimate of the tool suggested by the participants. The researcher gathered information 

about the possible cost of the prototype tool during the collaborative immersive design case 
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study and the expert validation study. The information about the possible cost of the prototype 

tool can be seen as one of the essential factors behind the investment of the full-fledged design 

assistance tool development in the future. Fundamentally, the numbers in U.S. dollars per user 

account given by the participants varied depending on their interpretation on the design benefits 

provided by the prototype tool and how frequently they might use the tool. The participants 

suggested that the prototype tool was comparable with other CAAD software applications that 

they have been using during the design process. The participants used references of the costs 

of employed software applications such as SketchUp, Revit and Photoshop for justifying the 

cost of the prototype tool. The price range largely varied based on their opinion on the frequency 

of use. Eight out of twelve participants were willing to use the tool for most of their projects 

based on their level of confidence on the usability of the tool. Two ophthalmologists and two 

lighting designers were willing to use the tool if they were to design supportive environments for 

older persons. Based on this principle, eleven of the twelve participants were able to give the 

numbers in U.S. dollars that represented the maximum cost of the prototype tool as follows: 

$25.00–$50.00, $100.00, $100.00-$120.00, $200.00, $100-$400, $500.00, $500.00-$700.00, 

$500.00-$1,000.00, $1,000.00-$2,000.00, $1,000.00-$5,000.00, and $5,000.00 

 

Based on the numbers above, a statistical method suggested by Ott and Longnecker (2001) can 

be used to help make inferences about the possible prototype tool cost. Among the numbers 

listed above, the range of $25.00-$50.00 per yearly subscription was given by a participant who 

considered purchasing the prototype tool in the form of an app. In contrast, the remaining 

numbers were given by the participants who considered using the tool as a standalone platform 

in support of design decision making. Therefore, it is important to note that the range of $25.00-

$50.00 per yearly subscription is excluded from the statistics analysis presented below. Among 

the numbers listed above, a few of the participants provided a price range rather than an exact 

cost. For conducting a descriptive statistical analysis, the researcher used the following midpoint 

values for the prices ranges: $100.00, $110.00, $200.00, $250.00, $500.00, $600.00, $750.00, 

$1,500.00, $3,000.00, and $5,000.00. 

 

In Figure 8-2, the descriptive statistics information indicates that the mean, median, and mode of 

the dataset are significantly diverse. In general, if the mean is greater than the trimmed mean, 

median, and mode, the data distribution tends to be nonsymmetrical and highly skewed to the 
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right. The boxplot and normal probability of the cost data presented in Figure 8-2 also reveal the 

extreme right skewness of the data. As a result, the mean is not an appropriate presentation of 

the DSS cost. 

 

       

 
Figure 8-2: Descriptive statistics information 

 

In this case, the median of 𝑀𝑀   = 𝑦𝑦 = 550  seems to be a more appropriate representation of 

the DSS cost than the mean. As shown in the list above, there are five numbers that fall evenly 

below and above $500.00, whereas there are seven numbers below and three numbers above 

the mean of $1,201.00. To confirm this information, Ott and Longnecker (2001) suggested that a 

confidence interval for the population median M should be constructed using the binomial 

distribution with 𝜋𝜋 = 0.5. In their book, Ott and Longnecker (2001) have provided a table that 

contains values for 𝐶𝐶 ,  (which are percentiles from a binomial distribution with 𝜋𝜋 = 0.5). From 

the table, in order to construct a 95% interval for the population median, the 𝐶𝐶. ,  of the cost 

data can be defined as 1. Based on this 𝐶𝐶. ,  value, 𝐿𝐿. =   𝐶𝐶. , + 1 = 1 + 1 = 2  and 

𝑈𝑈. =   𝑛𝑛 −   𝐶𝐶. , = 10 − 1 = 9 represent the lower and upper limits of the interval. Thus, the 
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Mean 1201 
Standard Error 506.8759436 
Median 550 
Mode #N/A 
Trimmed mean 
(20%) 863.75 
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Sample Variance 2569232.222 
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Skewness 1.872730529 
Range 4900 
Minimum 100 
Maximum 5000 
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(95.0%) 1146.633047 
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95% confidence interval for the population median can be given as 

𝑀𝑀 ,𝑀𝑀 =   𝑌𝑌 ,𝑌𝑌 = (110.00, 3000.00). For a 95% confidence interval, the binomial distribution 

principle suggests the confidence level has to be greater than 0.95 or 95%. When it comes to 

the cost data, the exact level of coverage can be given by 1 − 2𝑃𝑃𝑃𝑃 𝐵𝐵𝐵𝐵𝐵𝐵 10, .5 ≤ 1 = 0.995, 

which is greater than 0.95. As a result, it is at least 95% confident that the median cost of the 

DSS is between $110.00 and $3,000.00. 

  

The information above suggests that the cost of $550.00 seems to be appropriate for 

representing the maximum cost that end users might anticipate paying to obtain the benefits 

provided by the prototype tool collection. To make sense of this number, it is essential to look 

further into the information gathered from participants to gain an in-depth understanding the 

prototype tool cost. Among five participants who are close to this range, it was suggested that 

the cost range of around $500.00 would be appropriate for the prototype tool. The participants 

were more likely to purchase the tool if the subscription fee is within the range of $500.00. P4 a 

lighting designer and engineer from the expert validation study stated: 

 

[It] depends on the size of design decision-making support operations but 

assuming that it’s a moderately inexpensive program probably, I would say 

$500.00 to $1,000.00 max. 
 
The possible cost of the prototype tool discussed in this section is drawn from the cost data 

estimated by the participants from the post-use and post-demonstration studies. This 

information was based on their hands-on experience of the prototype tool and their 

interpretation on what the fully functional design support tool might be. Architects extremely 

familiar with using design assistance tools were prepared to spend more for buying the 

proposed prototype tool in comparison to lighting designers extremely familiar with using design 

assistance tools. The researcher has used descriptive statistics to establish the maximum cost 

of the full-fledged design decision support tool at $550.00. However, the researcher found some 

inconsistencies in the data obtained from the collaborative immersive design case study and the 

expert validation. Using the beta-testing experience during the collaborative immersive design 

case study, all participants established a stable maximum cost ranging from $100.00 to 

$200.00. The researcher estimates that participants’ opinions on cost range were influenced by 

the limited prototype functionalities experienced during the beta-testing process. The 
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participants provided the cost range from the perspective of implementing the as-is prototype 

tool without accounting for future upgrades. On the other hand, participants from expert 

validation used the prototype tool demonstrations to establish a wide range of maximum cost 

ranging from $25.00 to $5,000.00.  

 

The researcher estimates that the opinion of these participants was influenced by their view of 

the future possibilities of the full-fledge design assistance tool. Based on this argument, and the 

potential benefits of the tool, the researcher anticipates that the maximum cost would be around 

$500.00 per year. Although the cost value might not be highly accurate due to the limited size of 

data, it may be potentially used as a starting point for justifying the investment cost of full 

software development effort in the future. 

 

8.3 Significance of Findings from Different Data Sources  

To facilitate a deeper understanding on the usability of the prototype, the researcher segregated 

data based on the participants’ expertise. Varying level of each participant’s experience in 

designing supportive environments and understanding vision loss conditions significantly 

influenced different software qualities of the proposed prototype tool. Qualitative triangulation 

was used to establish consistency in findings from participants with experience in architecture, 

interior design, lighting design and ophthalmology. For example, the participants well-versed in 

the ophthalmological field significantly influenced the data relevant to evaluating the correctness 

of the central and peripheral vision loss affecting older persons for application in a design 

assistance tool. On the other hand, lighting designers and architects significantly influenced the 

data relevant to evaluating the usability and reliability of the proposed prototype tool for 

decision-making when designing spaces for older persons with vision loss. Table 8-2 shows the 

segregation of findings on the usefulness of the prototype tool based on the participant’s 

professional experience level.  
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Table 8-2: Information on the usefulness of the prototype tool based on participant’s profession  
Category / Theme Region A Region B Region C 
Profession Ophthalmologist (2) Architect (2), Lighting designers 

(3)  
Architect (2), Lighting designer (1), 
Interior designer (2) 

Background: 
Vision Science 

Extremely familiar Not at all to moderately familiar  Not at all to moderately familiar  

Background: 
Design for older 
persons 

Not at all to moderately 
familiar  

Extremely familiar to moderately 
familiar 

Extremely familiar to moderately 
familiar 

Background: 
Using design 
assistance tools 

Not at all Extremely familiar Moderately familiar 

Current design 
metrics for older 
persons with 
vision loss 

Not available (2/2) Not available (5/5) Not available (5/5) 

Vision loss 
representations 

- Appropriate simulation (2/2) 
- Reasonable beginning (2/2) 
- Appropriateness for design 
application (2/2) 
- Reliability for design 
application (#NA/2) 
- Fisheye view (2/2) 

- Appropriate simulation (5/5) 
- Reasonable beginning (5/5) 
- Appropriateness for design 
application (5/5) 
- Reliability for design application 
(3/5) 
- Fisheye view (3/5) 

- Appropriate simulation (5/5) 
- Reasonable beginning (5/5) 
- Appropriateness for design 
application (5/5) 
- Reliability for design application (3/5) 
- Fisheye view (5/5) 

Prototype 
functionalities  

- Reasonable beginning (2/2) 
- Vision loss progression (2/2) 
- Animation functionality (2/2) 
- Alter Contrast | Brightness 
(2/2) 
- Luminance Map (2/2) 
- Color histogram (0/2) 

- Reasonable beginning (5/5) 
- Vision loss progression (1/5) 
- Animation functionality (4/5) 
- Alter Contrast | Brightness (5/5) 
- Luminance Map (4/5) 
- Color histogram (0/5) 

- Reasonable beginning (5/5) 
- Vision loss progression (3/5) 
- Animation functionality (5/5) 
- Alter Contrast | Brightness (3/5) 
- Luminance Map (5/5) 
- Color histogram (0/5) 

Positive impact on 
decision-making 
and design 
process 

Agree (2/2) 
- Identify design flaws such as 
glare, contrast, and potential 
obstructions. 
- Gain empathy for building 
occupants.  
- Gain knowledge on the 
difficulties to perform 
activities. 
- Use the tool to provide 
consultation to designers on 
understanding the impact of 
low vision abilities when 
designing spaces. 

Agree (5/5) 
- Identify design flaws such as 
glare, low contrast and luminance 
levels, and potential obstructions.  
- Improve design decision-making 
by mitigating the flaws. - Use the 
tool to demonstrate exchange of 
design ideas among the project 
stakeholder and client  
- To justify design ideas 

Agree (5/5) 
- Identify design flaws such as glare, 
low contrast and luminance levels, and 
potential obstructions.  
Improve design decision-making by 
mitigating the flaws. - Use the tool to 
demonstrate exchange of design ideas 
among the project stakeholder and 
client.  
- To gain knowledge about the vision 
loss conditions and the occupants 

Usability for 
design decision-
making 

Useful (2/2) 
- Potential to use the tool to 
educate the medical students 
and practitioners about the 
impact of vision loss on 
design decision-making. 
- Use as a collaboration tool, 
to improve interaction 
between designers and 
medical professionals and to 
provide recommendations to 
designers. 
- Potential to make designs 
more person centered. 
May use for clinic’s 
knowledge management. 
 

Useful (5/5) 
- Potential to bridge gap or 
boundary between design 
consultants contributing to design 
process. 
- Potential to make designs more 
person centered  
- Reduce the use of vision 
simulator glasses and building 
mock ups. 
- Potential to develop the tool to 
inform design decision-making for 
other disabilities. 
- Usable for manufacturers to 
develop new products  
- To demonstrate the workability 
of the design to potential clients. 

Useful (5/5) 
- Potential to bridge gap or boundary 
between design consultants 
contributing to design process. 
- Reduce the use of vision simulator 
glasses and building mock ups. 
- Potential to develop the tool to inform 
design decision-making for other 
disabilities. 
- To demonstrate the workability of the 
design to potential clients. 
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Table 8.2 Continued 
Reliability for 
design decision-
making 

- Reliable (2/2) 
- Willing to start using the as 
is tool to educate medical 
professional (2/2) 
- Willing to implement the tool 
in an experimental clinical trial 
study to evaluate the reliability 
of the correctness of the 
vision loss representations 
(2/2) 

- Reliable (4/5) 
- Maybe (1/5) 
- Need for future study to 
evaluate reliability of full-fledged 
tool (5/5) 
- Willing to implement the tool in 
an experimental study to 
evaluate the reliability of the tool 
to inform decision-making for real 
design projects (4/5) 
- Willing to start using the as is 
tool for real design projects 
immediately (3/5) 

- Reliable (3/5) 
- Not sure (2/5) 
- Need for future study to evaluate 
reliability of full-fledged tool (5/5) 
- Willing to implement the tool in an 
experimental study to evaluate the 
reliability of the tool to inform decision-
making for real design projects (2/5) 
- Willing to start using the as is tool for 
real design projects immediately (2/5) 

Willingness to use 
the full version 
prototype tool 

Willing to use (2/2) 
- To educate the medical 
students and practitioners 
about the impact of vision loss 
on design decision-making.  
- To collaborate with 
designers when designing 
spaces for older persons with 
vision loss 
 
 

Willing to use (5/5) 
- To enhance decision-making 
and design processes.  
- Willing to use the tool when 
designing public facilities not 
necessary aimed at older 
persons with vision loss. 
- Willing to use the tool for new 
design construction projects. 
- The tool can be used for post 
occupancy evaluations and 
maintenance.  
- Will use the tool to get 
information on design guidelines, 
design approaches and vision 
loss conditions to design better 
spaces for older persons with 
vision loss. 

Willing to use (5/5) 
- Enhance decision-making and 
design processes. 
- Willing to use the tool when 
designing public facilities not 
necessary aimed at older persons with 
vision loss.  
- The tool would be useful for retrofit 
projects to identify design flaws in 
existing design of spaces.  
- Will use the tool to get information on 
design guidelines, design approaches 
and vision loss conditions to design 
better spaces for older persons with 
vision loss. 

Expectations for 
future 
development  

- Appropriate vision loss 
representations. 
- Represent variety of vision 
loss conditions 
- Introduce yellowing of eye 
due to Cataracts.  
- Introduce simulation for 
glare among older persons 
with vision loss. 

- Appropriate representation of 
human vision: fisheye view vs 
normal vision. 
- Appropriate vision loss 
representations. 
- Represent variety of vision loss 
conditions. 
- Provide knowledge distribution 
on the symptoms of persons with 
vision loss. 
- Connect design guidelines and 
code to the tool to better inform 
decision making. 
- Improve compatibility with other 
design assistance tools. 
- Reduce decision-making time.  
- Reduce design costs.  
- Interoperability 
- CAAD tool plugins.  
Dynamic 3D animations. 
- Introduce yellowing of eye due 
to Cataracts.  
- Introduce simulation for glare 
among older persons with vision 
loss. 

- Appropriate vision loss 
representations.  
- Represent variety of vision loss 
conditions. 
- Provide knowledge distribution on the 
symptoms of persons with vision loss. 
- Connect design guidelines and code 
to the tool to better inform decision 
making.  
- Improve compatibility with other 
design assistance tools.  
- Reduce decision-making time. 
Reduce design costs. – 
Interoperability.  
- CAAD tool plugins.  
Dynamic 3D animations. 
- Introduce yellowing of eye due to 
Cataracts. 
Introduce simulation for glare among 
older persons with vision loss. 

Maximum cost for 
obtaining provided 
benefits 

$(25.00-50.00), $500.00 $(1,000.00-5,000.00), $5,000.00, 
$200.00, $(100.00-400.00), 
$(500.00-700.00),  

$100.00, #NA, $(500.00-1,000.00), 
$(100.00-120.00), $(1,000-2,000) 
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8.4 Next Steps Towards Revising the Vision Loss Representations and Prototype Tool 

The information in Table 8-1 and 8-2 suggests that participants as well as the researcher 

approve the usability of the prototype tool for decision-making when designing spaces for older 

persons with vision loss. However, there was insufficient data to prove the reliability of the 

prototype tool. The participants were willing to use the tool if they were confident in the 

consistency of the design outcomes obtained by using the design assistance tool. 

Consequently, as an extension to this study, there is a need to conduct future research studies 

to immerse each stage of the DSS prototype in real design projects to evaluate the usability of 

the tool during the design process. This study is suitable when the prototype tool is sufficiently 

well developed and approved for professional use.  

 

Such a study would require design participants ready willing to use the tool throughout the 

design process. The researcher would need to document the design decision-making process 

using the tool. Additionally, post-occupancy evaluations involving older persons with vision loss 

would help the researcher understand the success of the design decisions made using the tool. 

The researcher can establish reliability of the future prototype DSS as to whether or not the 

design decisions improves the accessibility among older persons with vision loss. The 

implementation of this research study would require more than a couple of years. Due to the 

lengthy time commitments, many design professionals are reluctant to partake in such studies. 

However, P6 an architect from the expert validation study willingly approached the researcher to 

volunteer in an experimentation study to use the prototype tool to inform design decision-making 

for real design projects in their firm. This study will be conducted as a follow-up to the 

dissertation study. To prepare the prototype tool for experimental implementation, the 

researcher has started incorporating a few upgrades to the proposed prototype tool.  

 

The immediate next step was to improve the existing prototype functionalities based on the 

recommendation gathered during the study. To understand if the study was headed in the right 

direction, the researcher conducted a few changes in the prototype tool based on some of the 

critical issues identified by the participants from collaborative immersive design case study and 

expert validation. After the analysis, the researcher identified that four out of ten participants 

with design backgrounds were concerned about the central vision loss representation. The 
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participants were inclined toward the potential of using the vision loss representations for design 

decision-making; however, they also suggested that the design decisions would be significantly 

improved if the researcher included the natural eccentricity present in the peripheral vison. 

Faaborg (2015) suggests that the human visual field has a high-acuity linearly sampled center 

region surrounded by a progressively down-sampled periphery. P3 a lighting designer from the 

collaborative immersive design case study indicated that in order to assess the true value of the 

central scotoma for design decision-making, the researcher must also consider applying the 

natural eccentricity in the peripheral vision.  

 

Our spatial frequency sensitivity in the peripheral vision is decreased and 

we end up with softer edges with more blur. What is somewhat 

misleading especially with central vision loss is that I can’t just navigate 

as if I can see the edges of my peripheral, the same way as I could if the 

edges were right in front of me…. 

…this can be achieved by applying some sort of eccentricity blurring 

function accounting for the natural variation between foveal and 

peripheral focus levels. I think it would strengthen the representation of 

the central vision loss significantly. 

 

Consequently, the researcher used the MATLAB user interface to develop another vision loss 

algorithm to represent the normal peripheral eccentricity. This algorithm was introduced into the 

existing central and peripheral vision loss algorithms. In order to simulate the effect of low acuity 

around the periphery, the researcher combined iteration 1 and 5 of the central or the peripheral 

vision loss algorithms developed during this study (Figure 5-13 shows the activity map of the 

first iteration of the central and peripheral vision loss functions and Section 5.2.3 discusses the 

construction of the first iteration of the central and peripheral vision loss simulations) (Figure 5-

33 shows the activity map for the fifth iteration of the masking algorithm for central and 

peripheral vision loss). The researcher used the first iteration masking function to apply the 

bsxfun masking function to a region of interest. The region of interest for this study is the area 

around the central vision, which is considered as approximately 25 degrees. This function used 

for demonstrating peripheral eccentricity was combined with the fifth iteration masking function 

to get the resulting central vision loss representation as shown in Figure 8-3. Figure 8-3 can be 
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used to compare the fifth iteration of the central vision loss representation (shown on the right) 

to the sixth iteration of the central vision loss representation (shown on the left).  

 

  
Figure 8-3: 6th iteration of the central vision loss (left) and 5th iteration of the central vision loss (right) 

 

Figure 8-4 is a visual demonstration of the steps involved in the development of the central 

vision loss simulation and Figure 8-5 shows the activity map of the sixth iteration of the central 

and peripheral vision loss simulations.  

 

 
Figure 8-4: Algorithm steps for central vision loss representation: 6th iteration 

6th iteration Central vision loss: Peripheral eccentricity 5th iteration Central vision loss 
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Figure 8-5: Activity map of the 6th iteration of the central and peripheral vision loss 
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Additionally, two out of the ten participants with design background suggested that the grayness 

of the peripheral vision loss must be reduced to make it comparatively darker. The researcher 

updated the darkness factor of the peripheral vision loss as demonstrated in Figure 8-6. Figure 

8-6 can be used to compare the fifth iteration of the peripheral vision loss representation (shown 

on the right) to the sixth iteration of the peripheral vision loss representation (shown on the left).  

 

  
Figure 8-6: 6th iteration of the peripheral vision loss (left) and 5th iteration of the peripheral vision loss 

(right) 
 

The researcher shared the central vision loss renderings with two vision science expert 

participants and three design participants from the collaborative immersive design case study 

via email. The researcher shared the renderings with the vision science experts, as they were 

more valuable in evaluating the correctness of the vision loss representations. Additionally, two 

out of the three design participants from the collaborative immersive design case study were 

instrumental in identifying the issues with the central and peripheral vision loss representations. 

Some sample comments on the sixth iteration of the representation are included below.  

 

P2: ophthalmologist (collaborative immersive design case study): “I like the new iteration of 

central vision loss with peripheral eccentricity better, as the older iteration of the central vision 

loss suggests all one would have to do is look off to the side. In reality, the peripheral receptors 

are spaced more widely, and consequently the sharpness is lower.” 

 

6th iteration Peripheral vision loss 5th iteration Peripheral vision loss 



331 

 

P2: architect (collaborative immersive design case study): “I think both images convey what 

might be experienced by a person with both central and peripheral vision loss.” 

 

P3: lighting designer (collaborative immersive design case study): “I think your addition of the 

normal peripheral acuity loss really helps to tell the story of how severe central vision loss can 

impair spatial perception. Without it, I am (with normal vision) able to look at those peripheral 

areas and see what appears to be an acceptable rendering of the space; I can see edges, I can 

detect corners, but it is because I’m using my high-acuity central field vision to do so. Adding the 

blur in the peripheral makes the imagery much stronger.” 

 

P4: interior designer (collaborative immersive design case study): “I think both images would be 

helpful to have. I imagine that some users have good peripheral vision and rely on it to function 

independently, but there are other users who also have peripheral vision loss. In my 

understanding, it would depend upon the disease. I think it is best to get the opinion of an O.D 

or vision rehab specialist.” 

 

P1—an ophthalmologist from the expert validation study—shared a report prepared by Novartis 

Opthalmics and suggested that the sixth iteration of the central vision loss representation was 

similar to the representation developed by the study conducted by Bruce P. Rosenthal and 

Donald C. Fletcher et al. (2003). Consequently, the overall response from the five participants 

was that they agreed that this model of the central vision loss was a better representation of the 

low vision condition. 

 

During the interviews, participants identified issues with the prototype graphical user interface 

(GUI) functionality used to demonstrate the progression of the vision loss conditions. Overall, 

the participants wanted the researcher to provide additional information on the progression of 

the vision loss conditions in order to understand the meaning of the degrees of loss to the 

severity of the condition. The researcher added static text below the vision loss progression 

slider tools to demonstrate the severity of the vision loss in context to the degrees of vision loss. 

Figure 8-7 shows that the updated prototype functionality panel. The following vision loss 

information is provided on the panel.  
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 Initial stages of central vision loss are considered when the person loses less than 5 

degrees of central vision. 

 Intermediate stages of central vision loss are considered when the person loses between 

5 to 9 degrees of central vision. 

 Late stages of central vision loss are considered when the person loses between 9 to 19 

degrees of central vision. 

 Legal blindness is when the person loses more than 20 degrees of central vision. 

 Initial stages of peripheral vision loss are considered when the person has more than 90 

degrees of overall vision remaining. 

 Intermediate stages of peripheral vision loss are considered when the person has 

between 89 to 60 degrees of overall vision remaining. 

 Late stages of peripheral vision loss are considered when the person has between 59 to 

20 degrees of overall vision remaining. 

 Legal blindness is when the person has less than 20 degrees of overall vision remaining. 

 

The participants also identified that the prototype tool had limited information on the two vision 

loss conditions and the design recommendations. All participants were in agreement that the 

reliability of the prototype tool can be improved if the prototype tool provided access to a central 

web-based database that provides information to support design decision-making. Based on 

these recommendations, the researcher updated the prototype tool functionality for the vision 

loss progression and added a conceptual web-based database website as an example for future 

reference. Figure 8-7 also shows the prototype GUI upgrades based on participant evaluations 

(updated prototype tool functionality and the conceptual webpage database). The website 

includes information from this study that can be accessed by the users of the tool on 

<http://vidyacg.wix.com/showcase-portfolio>. The following information can be accessed from 

the webpage:  

 Information on the impact of central and peripheral vision loss conditions affecting older 

persons on design decision-making.  

 Photometric 2D representations and rationales used to represent central and peripheral 

vison loss conditions in this study. 

 User guidelines demonstrating the application of the prototype tool for design decision-

making.  
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Figure 8-7: Prototype GUI Upgrades based on participant evaluations 
 

The researcher made a new version of the prototype tool called the Person-centered Design 

Decision support tool (PCDD_1) compatible with Windows 32-bit and 64-bit computers as well 

as Mac OSX. This prototype tool will be shared with P6 an architect from expert validation study 

as a follow-up to the dissertation study. The participant will use the tool as an experiment on real 

design projects—and particularly when designing supportive environments for older persons. 

The researcher will document the decision-making process during the design process and at the 

end of the extended study, gather user feedback on the usability of the tool and existing issues 

with the prototype tool. The researcher will also gather information on improving the 

functionalities of the prototype tool for design decision-making. This study extends beyond this 

dissertation and demonstrates the ongoing process involved in the development of the full-

fledged model of the design assistance tool.  
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8.5 Future Research Possibilities to Develop a Full-fledged Model of the Design 

Assistance Tool 

The prototype development is an ongoing process, which is foreseen to be further continued 

beyond this study. Thus, through this study the researcher will gather information on the 

designer’s needs that will be required to develop a fully-functional model of the design 

assistance tool. The major objective of this study was to establish usability of the proposed 

prototype tool for decision-making. The participants strongly approved the potential of 

developing the full-fledged tool to improve decision-making when designing spaces for older 

persons with vision loss. Future researchers will need to undertake several studies related to 

appropriate prototype development approach, and comprehend the technical and functional 

components required to develop a successful full model of the design assistance tool.  

 

Through this study, the researcher used logical argumentation and the prototyping process to 

inform future researchers about the opportunities and difficulties involved in developing a design 

assistance tool (Sections 6.12 and 7.11 discussed future research opportunities to fulfill design 

decision-making requirements, gathered from expert design and vision researchers during the 

collaborative immersive design case study and the expert validation study). The participants of 

the expert validation study were particularly instrumental in providing suggestions about their 

expectations for the future full-fledged design assistance tool. The participants wanted future 

research studies that could inform designers on the consistency of the functionalities for design 

decision-making. This may be achieved by introducing the full-fledged model as an 

experimentation to evaluate the usability of the tool for real design projects in a professional 

environment.  

 

In inference to this study, a suitable decision support design assistance tool is one that fulfills 

the following design decision-making and software requirements.  

 Improve the efficiency, robustness and the accuracy of the prototype functionalities 

developed during this study. For example, improve the functionality for demonstrating 

progression of vision loss by including knowledge of the available literature to inform 

designers on the vision loss conditions and the design recommendations suitable for the 

vision loss conditions.   
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 Conduct research on developing prescriptive knowledge database on designing spaces 

for persons with vision loss. There are several vision impairments affecting people from 

different age groups. There is a need to conduct studies on developing appropriate 

vision loss representations for each of these conditions. With the help of the interview 

feedback, a fourth parameter: demographics and behavior patterns of the occupants 

based on age of the population group were used as a relative measuring system for the 

vision loss conditions. This normative knowledge can be used to better understand the 

occupant needs. However, there is a need for future studies that can be used to 

formulate typical behavior and gaits patterns, based on percentage of people in given 

age group. It is important for designers to be aware about peculiarities unique to persons 

affected with a certain variety of vision loss. Design and vision researchers must 

collaborate on these studies and establish design decision-making guidelines that can 

inform designers about the feasibility of their design decisions.  

 Develop better vision loss algorithms suitable for 2D HDR representations. The 

algorithms must be designed in such a way that the application does not break the 

internal lines and points of the HDR representations. A successful re-representation 

produces altered luminance values, which can be used by designers to establish the 

appropriateness of their design for all the occupants of the space.  

 Learn about the tone mapping limits for low vision consideration and to determine better 

tone-mapping algorithms that maintain the levels of brightness and contrast when 

considering low vision design scenarios. Collaborations between designers and vision 

researchers can also be used to develop appropriate 2D representations of human 

vision. During the interviews, there were mixed reactions to the demonstrations of the 

fisheye views. While most participants approved of the need to use fisheye views to 

represent the human vision, a few participants suggested that designers may not be 

comfortable with replacing normal parallel-view 2D representations with slightly skewed 

fisheye representations.  

 Integrate existing low vision design guidelines into the DSS functionalities. The 

researcher can develop mechanism to integrate a web-based knowledge database 

domain with the design assistance tool to access latest information on the vision loss 

conditions and the design decision-making techniques. Integrating proscriptive design 
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re-representation method and prescriptive knowledge database will improve the 

reliability of the tool among potential users with design background. 

 Develop appropriate metrics and measuring scales to help designers to quantitatively 

compare their design for persons with normal vision versus older persons with vision 

loss. There is great variation in design needs based on age of the occupant. For 

example, the design needs of older persons with vision loss aged 75 years and older is 

different than those between the age group of 45 to 60 and 60 to 75 years.  

 Defining vision loss acuity measuring scales is complex, and will need collaboration of 

minds from ophthalmology, architecture and mathematics to work on future experimental 

physical studies and then convert this knowledge to mathematical models and 

measurement systems that can be used as a common point of reference by both 

medical as well architectural practitioners.  

 Develop parts of a DSS design assistance program that can be used as a plugin for 

other CAAD and rendering programs. For example, develop layer pop-up menu settings 

in the DSS GUI to manage masking overlay properties and material properties 

interoperable with the CAAD software systems.   

 Develop quick design functionalities to inform early design decision-making. Some of the 

important design functionalities recommended during the study were to select material 

finishes and fixtures, to identify and mitigate of glare and contrast issues and to resolve 

low color contrast issues using a color wheel tool.  

 Develop a method to dynamically represent vision loss conditions in a 3D model 

environment. The animations would not only encompass dynamic vision loss 

representation but also allow architects to represent the person’s traits in terms of eye 

movements and head rotations.  

 Immerse the full-fledged model of the design assistance tool into real design projects on 

an experimental basis to establish reliability of the tool for decision-making when 

designing spaces for older persons with vision loss. This will also help the tool get 

traction in the market place. Additionally, this study can be used to understand the 

implications of the design time and costs.  

 Conduct post-occupancy evaluations to establish the success of the design decisions by 

immersing occupants in a study to evaluate the real-world environment quality of the 
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designed space. Establish reliability of the prototype DSS to see if the design decisions 

improve the space accessibility among older persons with vision loss. 

 

8.6 Conclusion 

In this study, the researcher used the investigator qualitative triangulation to fulfill the objective 

of this study. This method was used to achieve the third objective of this study, or to 

demonstrate the usefulness of the prototype tool to improve early decision-making when 

designing spaces for older persons with vision loss. The researcher used data from the 

prototyping process, collaborative immersive design case study and expert validation study to 

demonstrate the usability of the tool. The qualitative triangulation methods were not only used to 

find consistency in the responses between the studies, but the researcher drew conclusions 

based on the significance of the participant’s professional experience. The participants 

demonstrated varied level of experience in architectural design, lighting design, interior design 

and ophthalmology. Table 8-1 and 8-2 showed the segregation of data based on these 

categories. The researcher was able to gain deeper meaning from the data segregation method 

demonstrated in these tables. The information about the possible cost of the prototype tool 

discussed in Section 8.2.4 can be seen as one of the essential factors behind the investment of 

the full-fledged design assistance tool development in the future. The prototype DSS developed 

as a part of this study was used as a tool to understand the usefulness of the fully released 

version of the DSS that will be developed in the future. It was evident from study that the 

prototype tool establishes the potential usability for improving various aspects of decision-

making when designing spaces for older persons with vision loss as discussed in Section 8.2.2. 

The next steps should be towards establishing the reliability of the prototype tool for decision-

making. In inference, the study demonstrates value in building the full-fledged model of the 

design assistance tool for decision-making when designing spaces for older persons with vision.  

 

Chapter 9 is a summary of the research. In this chapter, the researcher outlines research 

objectives and the current knowledge that influenced this study. The researcher also discusses 

the new knowledge established as a result of conducting this study and how researchers can 

use the knowledge gained from this study to influence future studies.  
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Chapter 9: Research Summary 
 

9.1 Research Summary 

When designing facilities serving older persons with vision loss, most of the information about 

an occupant’s vision condition can be obtained from the client, and his or her requirements are 

addressed with design standards and guidelines. However, this information is not sufficient to 

understand how the space is actually perceived by older persons with vision loss. This study 

aimed at understanding the possibilities for developing and evaluating the usefulness of a 

Decision Support System (DSS) design assistance tool to improve architect’s decision making 

when designing for older persons with vision loss. To meet this purpose, this study was 

conducted based on the following hypothesis:  

 A person-centered prototype tool can improve early stages of decision-making for 

architects when designing spaces for older persons with vision impairments.  

 

In order to evaluate the above hypothesis, the study encompassed the following objectives: 

 To reference the literature to determine the conditions for the common vision 

impairments among older persons, 

 To adopt age-related vision impairment into a prototype tool that can re-represent 

spaces during the early stages of the design process, and 

 To demonstrate the usefulness of the prototype tool to improve early design decision-

making when designing spaces for older persons with vision loss. 

 

A combined three-phase research method was used to satisfy the study objectives. The first 

phase (i.e. logical argumentation) employed a grounded theory method (Glaser & Strauss, 

1967) to gather data on representing vision loss conditions affecting older persons and on 

developing a prototype tool to improve architects’ design decision-making. The logical 

argumentation process discussed in Chapter 4 was used to satisfy the first objective. The data 

gathered during the first phase was used as basis for the prototype DSS design assistance 

development during the second phase (i.e. prototyping process). The prototyping process 

employed software engineering techniques described by Pressman (2010) to build the prototype 

tool. Three distinct prototyping stages were used to develop a working prototype model. During 

the first stage, the researcher used existing theories to manipulate architectural space 
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representations using the prototype algorithms to better ‘see’ what can and what cannot be 

perceived due to central and peripheral vision loss conditions and over a range of vision loss. 

Additionally, the researcher used existing theories to design graphical user interface (GUI) mock 

models mimicking the design assistance prototype model.  

 

During stage two, the mock models were used by eight Ph.D. students with design backgrounds 

and two vision science experts to provide feedback on the software requirements and 

appropriateness of the vision loss representations. The revised mock models of the vision loss 

representations and prototype were then evaluated by the same set of participants during the 

third prototyping stage. The researcher used the recommendations from the participants to 

finalize the vision loss algorithms and prototype model. Construction of a working prototype DSS 

design assistance tool marked the end of the prototyping process. The prototype development 

process is elaborated in Chapter 5 and was used to satisfy the second objective of the study.  

 

The final phase of the study adopted the qualitative research process which includes five 

activities: 1) development of 2D photometric representations of a selected case study project, 2) 

data collection through interviews, 3) data reduction/coding, 4) data display, and 5.) conclusion 

drawing and/or verifying.   

 

A qualitative research process was used as a basis for the third phase of this research in order 

to conduct two studies: a collaborative immersive design case study and an expert validation 

study. During the collaborative immersive design case study, the researcher developed 2D 

photometric representations of a selected case study project. Four design and vision science 

experts beta-tested the working prototype tool and participated in three remote, one-on-one, 

open-ended interview sessions with the researcher. The participants used prototype 

functionalities to manipulate the case study 2D space representations to re-represent the 

spaces as seen by older persons with vision loss. Expert validation was the second part of the 

qualitative research process. During the expert validation study, the procedures used during the 

collaborative immersive case studies were recorded and summarized to a purposeful sample of 

eight design and vision science experts. Chapters 6 and 7 elaborated the collaborative 

immersive design case study and the expert validation study, respectively.  
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In order to reinforce this study and reduce unwanted biases and weakness of the individual 

step, the researcher used multiple methods to facilitate a deeper understanding on the usability 

of the prototype. This phase contributed to fulfilling the third objective of the study. The 

researcher interpreted the impressions of each expert concerning the usefulness of the tool in 

supporting design decision-making, collected through open-ended interviews during 

collaborative immersive design case study and expert validation. The resulting information 

included the performance of the prototype in fulfilling user requirements and in improving the 

quality of design decisions. In addition, the information about benefits and limits of using the 

prototype during design was recorded. Qualitative triangulation was the final step of the third 

phase and is covered in Chapter 8. 

 

As discussed in Chapter 8, it was evident from study that the prototype tool established the 

potential usability for improving various aspects of decision-making when designing spaces for 

older persons with vision loss. The study demonstrated value in building the full-fledged model 

of the design assistance tool for decision-making when designing spaces for older persons with 

vision loss. Broader future research opportunities suggested by the participants were also 

explored in Section 8.4 and Section 8.5.  

 

9.2 Lessons Learned  

During the early planning phases, the researcher was committed to the objective of developing 

a prototype design assistance tool that re-represented architectural spaces as seen by older 

persons with central and peripheral vision loss. Additionally, the intent of the study was to get 

opinions from a group of design and vision science experts on the usability of the prototype tool 

for design decision-making. New revelations and lessons were learned as a result of 

accomplishing each phase of the research. The understanding gained from the prototyping 

process and the two open-ended interview studies was intended to be used as a guideline for 

developing the fully functional DSS for designing facilities for older persons with vision loss that 

will be developed in the future. The lessons gained during the study can be used to conduct 

future research as highlighted below:  

 There are significant variations in the types and progressions of central and peripheral vision 

loss conditions affecting older persons. The space representation would vary based on the 

type, severity and combinations of the vision impairments affecting each person. Capturing 
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every single detail of these heterogeneous vision conditions may not be possible. There is a 

need to conduct future studies with vision science researchers on establishing reliable 

algorithms to represent vision loss conditions that can be used to improve the architect’s 

design decision-making.  

 There is insufficient data and reliable literature on appropriate representations methods for 

vision loss conditions. There is a need for future collaboration between vision science 

researchers, architects, lighting designers and software engineers to establish reliable 

photometric vision loss representations that can be used to improve the architect’s design 

decision-making. 

 Advancements in medical treatments could also alter the spatial representations among 

older persons with vision loss.  

 The scope of this project was limited to macular degeneration and glaucoma as vision loss 

conditions occurring due to diabetic retinopathy are varied in nature. Thus, reproducing an 

appropriate algorithm to represent this condition may be very complex. 

 Experience of the social or the physical functioning cannot be understood using the low 

vision representations. Sensations such as perception, movement, touch, auditory, and 

olfaction, cannot be simulated with simple 3D pictorial scene renderings. User behavior 

patterns such as head and eye movements are not only difficult to simulate, but there is 

limited literature to support this application. There is a need for future collaborations between 

vision science researchers, psychologists and architects to develop a reliable database on 

behavior and gait patterns of older persons with vision loss. Such prescriptive knowledge on 

the occupant’s behavior can be used by architects to influence their design decisions.  

 There is insufficient data and reliable literature on appropriate representations methods for 

human vision. The working principles of the perception computational models of vision are 

difficult compute. It is impossible to understand how the brain processes information. There 

is a need to conduct future studies evaluating the appropriateness of fisheye views versus 

parallel views to represent normal human vision. There is a need for future collaboration 

between vision science researchers, architects, lighting designers and software engineers to 

establish reliable photometric human vision representations suitable for application during 

the architectural design process.  

 It is not possible to fully capture the essence of a space using a single 2D representation of 

the space during the design process. It is often important to use dynamic spatial 
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representation to simulate the occupants’ movement patterns and gait when designing 

spaces for older persons with vision loss. It is also important to account for the changing 

appearance of the space under dynamic daylighting conditions throughout the day and the 

year. There is a need to develop new design assistance tools that enable the creation of 

correct photometric dynamic 3D animation and walkthrough representations of architectural 

spaces during the design process. There is a need to enhance computing capacities that 

reduce the time required to simulate dynamic photometric 3D animations and walkthroughs 

during the design process. 

 The source of information available on improving architects’ decision-making when 

designing for older persons with vision loss is scattered or insufficient. Currently, the pictorial 

simulation can represent only the information loss due to the vision impairment condition. As 

suggested in the work of Pradipta Biswas et al. (2008), 2D representations can be modeled 

only to see how a visually impaired person sees 2D representations of the space, but it 

cannot simulate the dynamics of interactions with a real world environment (Pradipta Biswas 

et al., 2008). However, perception of architectural spaces is influenced by all of the five 

senses, including auditory, smell, tactile, vision and kinematic movement.  There is a need 

to integrate prescriptive guidelines and database on occupants’ full sensorial nature into the 

full-fledged DSS design assistance tool to improve architect’s decision-making when 

designing spaces for older persons with vision loss. This is the reason why there is a need 

to develop a DSS system that provides architects with prescriptive knowledge and enables 

proscriptive design decision-making by analyzing vision loss representations of their design.  

 MATLAB may not be a good software development system to develop a robust and efficient 

design assistance tool. There is a need to establish better software systems to improve the 

prototype development process and the functionalities of the tool during the design process. 

During the duration of the research, there weren't sufficient resources in terms of technical 

and financial support to make the program interoperable with the already established CAAD 

tools. However, after conducting this study, the demonstration of the prototype tool can be 

used to approach R&D based tool development companies such as Revit, Sketchup and 

Rhino, to find their interest in adding an interface for this design assistance tool within their 

existing system. There is a need to select a software development system that can be used 

to develop a design assistance tool that is interoperable with existing CAAD and photometric 

rendering tools. The prototype tool was developed as a standalone application in this study.  
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 Due to lack of computing capacity, photometric representations cannot used in a 3D 

environment to make the interaction more interactive at this point of time, future 

advancement in technology has scope for implementing interactive photometric 3D 

environments.  

 There is insufficient information on metrics to measure design decisions such as luminance 

contrast, interior finishes and glare for older persons with vision loss. There is a need for 

collaboration between architects, lighting designers and interior designers to develop better 

systems of measuring crucial design features particularly suitable for older persons with 

vision loss. 

 The reliability of the proposed design assistance tool can be established only by conducting 

real design case study projects with design professionals successfully using the tool for 

decision-making during the design process.  

 

9.3 Contributions to Body of Knowledge 

This study established the hypothesis that a person-centered prototype tool can improve early 

stages of decision-making for architects when designing spaces for older persons with vision 

impairments. This study was conducted in an effort to contribute to the following goals:  

 To improve the architect’s decision-making capacity to be more responsive to user 

needs, 

 To be a catalyst for paradigm shifts in architectural design so that the field incorporates 

issues of vision impairments, and 

 To improve the quality of built environments for persons with vision impairments. 

 

Additionally, the boarder contributions of this study to the body of knowledge are given below:  

 Architects can use the design assistance tool to detect barriers in the built environment. 

Encountering the few barriers that a person with vision impairment has to deal with would 

give a good understanding of the need for designing spaces, so that people with restricted 

vision can take care of themselves when accessing these spaces.  

 During the open-ended interviews, eleven out of twelve participants agreed that the 

application of the prototype tool would make designs more person-centered. Low vision 

simulations give an opportunity to help architects and mobility specialists to make sense and 

get a mental understanding and estimate their functional capabilities in general. According to 
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Participant 3 (a lighting designer) of the collaborative immersive design case study, the tool 

provides an easy to use medium to visualize the impact of low vision conditions on their 

design decisions. Consequently, the tool has the capacity to make designs more effectively 

person-centered. Participant 5 (an interior designer) of the expert validation was a dissenter 

to this opinion.  

Participant 5: “No, I don’t think the tool would make the design more person-centered, 

because I think that it starts from the head and the heart and it’s nothing to do with the 

tool.” 

 If the design assistance tool was available and easy to use, ten out of twelve participants 

believed that they were willing to use the tool for projects not necessarily targeted 

specifically at vision impairment—for example, healthcare facilities and hospitals—but for 

almost any design. Participant 8 (an architect) of the expert validation study states: “[A] 

reasonable amount of people with vision impairments use health care facilities and 

hospitals, so I would use it in these spaces…I think it would be best practice to use it in 

almost any environment.” 

 A full-fledged DSS design assistance tool has the capacity of reducing the application of 

vision simulator glasses and mockups during the construction process.  

 The DSS design assistance tool can be used to communicate design ideas with clients who 

may not have vision loss.  

 All twelve participants agreed that a full-fledged DSS design assistance tool has the 

potential to bridge the gap or boundary between how consultants and design professionals 

contribute to the design process. Participant 3 (a lighting designer) of the collaborative 

immersive case study states:  

Absolutely, the design assistance tool provides ability to go beyond just 

guidelines. Using images to visualize design decisions is a valuable part of 

design consultancy process. We typically speak in the language of images 

or presentations and rarely include texts to convey design ideas to clients 

during the design process. The tool can be used to effectively 

communicate design ideas that mitigate complexities of occupants with 

vision loss.  
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Participant 2 (an architect) of the collaborative immersive design case study states: 

The tool may be helpful for architects and designers to work with the 

product manufacturers. The tool can influence how manufacturers design 

their products to meet some of their goals that you are trying to get across 

from this software.  

 

The study can potentially contribute to other areas of interest as well:  

 The future version of the full-fledged design assistance tool can be integrated into the 

curriculum to educate design students on improving decision-making when designing 

spaces for persons with vision loss in general. In addition to teaching the application of the 

design assistance tool, the designer will need to have other domains of knowledge in order 

to effectively use this tool. Currently, there is a boundary between psychology, gerontology, 

optometry and architecture, where perhaps a new domain of knowledge emerges from the 

intersection of these fields. The current curriculum does not include knowledge from these 

various domains to address the scenario when designing for persons of age, and vision loss. 

Consequently, in future, the curriculum will need exchange of knowledge between experts 

from various domains to educate the students to gain better understanding of these 

scenarios. These experts must collaborate to develop the new curriculum covering all the 

domains of knowledge.  

 The future version of the full-fledged design assistance tool can be used to conduct post 

construction evaluations of design decisions for public facilities such as health care facilities 

or public transit subway stations. 

 The future version of the full-fledged design assistance tool can be used by optometrists to 

demonstrate design improvements to the family members of their patients suffering from the 

varying intensities of vision loss conditions. 

 The future version of the full-fledged design assistance tool can be integrated into the 

curriculum to educate optometric residents and medical practitioners on the influence of 

architectural design on improving accessibility of spaces for persons with vision loss. 

Participant 1 (an optometrist) of the collaborative immersive design case study states: “It 

might be used as an awareness tool for the families of my patients. I think it can be a great 

training tool certainly for design professionals, but also for medical professionals or any 

administrator of a facility that deals with persons with vision impairments.” 
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Participant 1 (also an optometrist) of the expert validation study states: “I can use this 

tool to educate my colleagues on improving the visually impaired patient care…When I 

am working in teaching capacity as a professor with my residents, the tool can be used 

to support the training process on informing about the capabilities of the older 

population.”  

 

 The study emphasizes the importance of design decision-making from the perspective of 

occupants’ needs.  

 The study contributes to future studies that challenge design decision-making process for 

other types and intensities of vision impairments affecting different age groups of people. 

The study also contributes to future studies on developing strategies to improve design 

decision-making for other disabilities affecting different age groups of people. Participant 4 

(an interior designer) of the collaborative immersive design case study states: “Similar to the 

vision impairments, maybe we are looking at a design assistance tool that can impersonate 

autism to perceive the space…There might also be versions of this tool for other disabilities, 

for hearing sensitivities…” 

 The study contributes to future studies on designing re-representation tools that can be used 

by transportation researchers to get an experience of driving with vision loss conditions such 

as color deficiencies and central or peripheral vision loss. The tool would help these 

researchers to design better signage to allow detection and visibility of objects under visually 

challenging conditions, especially for those faced by people with impaired vision. 

Additionally, as suggested by Participant 6 (an architect) of the expert validation study, these 

representations can also be used to demonstrate the adversities of driving with vision loss to 

persons affected by the vision loss conditions.   

 

The in-depth understanding of the DSS design assistance gained from this study theoretically 

contributes to the body of knowledge as discussed below:  

Currently, architects need deeper knowledge on the patterns and needs of persons with vision 

loss to redefine the process of design. In future architects will be able use the proscriptive 

representation method demonstrated in this study to reduce shortcomings of the current design 

codes and safety regulations, causing a shift in the normative design process. The knowledge 
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gained from comparable future studies can be used to elaborate and extend existing normative 

proscriptive theory related to decision-making when designing spaces for older persons with 

vision loss. The consequence of implementing future studies in prototyping of a new DSS 

decision support tool can improve architectural design procedures and lead to emergence of a 

new design process that is effectively responsive to the occupant’s needs. Proscriptive norms 

provide guidance on unacceptable behavior, in this case uniformed decision-making. Currently, 

none of the normative proscriptive approaches directly support decision-making for designing 

spaces for older persons with vision loss. The new normative proscriptive design 

representations and prescriptive design knowledge can be used to enhance understanding of 

issues related to how architects make design decisions for persons with low vision. Architects 

can use future studies on normative knowledge to understand occupant’s functional capabilities 

and experiences while accessing built environments. For example, post occupancy evaluations 

can be used to record the reactions and experience of persons with vision loss in new built 

environments.  

 

Architects can refer to good and bad design experiences of the occupants to improve his or her 

design decision-making. Phenomenological research focuses on evaluating people’s 

perceptions, experience and observations of a particular situation or phenomenon. This method 

of research carves new boundaries for understanding phenomenological experience of 

architectural space for persons with vision impairments. However, design professionals cannot 

successfully conduct these studies with limited knowledge about their occupants. Consequently, 

there is a need for researchers from ophthalmology, gerontology and architecture to collaborate 

on development of a new design and phenomenological knowledge. As an extension of this 

study there is a need for collaboration between vision researchers and architects to prepare 

knowledge database on improving decision-making when designing spaces for older persons 

with vision loss. This database can be integrated into the design assistance tool to improve the 

reliability of the design decision-making process. The collaborative immersive design case study 

demonstrates future possibilities where architects consult with ophthalmologists and 

gerontologists on improving decision-making when designing spaces for older persons with 

vision loss. Additionally, these researchers can collaborate on other future studies related to 

following areas. 
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 To study mental models of the architectural built environments from the perspective of 

persons with vision loss versus the perspective of persons with normal vision.  

 To develop new normative knowledge to make design decision-making more effectively 

person-centered.  

 To explore capabilities of Functional Magnetic Resonance Imaging (fMRI) and eye 

tracking devices to understand how persons with vision loss use remaining sensibilities 

to improve accessibility in architectural built environments. 

 

This study is an example of new pluralistic architectural research method that is informed by 

architectural, technical, cognitive-psychological, social, and normative knowledge from different 

disciplines. Future studies will be in the direction of the new approach to architectural research 

methods - focus on designing as a process. The additional knowledge gained from these 

studies would likely help in the development of a future full-fledged DSS design assistance tool 

to effectively and efficiently serve industry needs in the near future. 
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Appendix A  
Iterations of proposed prototype tool, central and peripheral vision loss representations. 

 
Figure A-1: 1st Iteration DSS mockup: Tab 1 

 
Figure A-2: 1st Iteration DSS mockup: Tab 2 

 
Figure A-3: 1st Iteration DSS mockup: Tab 3 
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Figure A-4: 1st Iteration DSS mockup: Tab 4 

 

 
Figure A-5: 1st Iteration DSS mockup: Tab 5 

 

 
Figure A-6: 1st Iteration DSS mockup: Tab 6 
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Figure A-7: 2nd Iteration DSS mockup: Tab 1 

 
Figure A-8: 1st Iteration central vision loss  

 
Figure A-9: 1st Iteration peripheral vision loss  



352 

 

 
Figure A-10: 3rd Iteration DSS mockup - Tab 1  

 

 
Figure A-11: 3rd Iteration DSS mockup - Tab 2 
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Figure A-12: 3rd Iteration DSS mockup - Tab 3 

 

 
Figure A-13: 3rd Iteration DSS mockup - Tab 4  
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Figure A-14: 3rd Iteration DSS mockup - Tab 5 

 

 
Figure A-15: 3rd Iteration DSS mockup - Tab 6 
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Figure A-16: 2nd Iteration vision loss: Gaussian blur 

 

 
Figure A-17: 2nd Iteration central vision loss 

 

 
Figure A-18: 2nd Iteration peripheral vision loss 
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Figure A-19: 3rd Iteration vision loss: Gaussian blur 

 

 
Figure A-20: 3rd Iteration central vision loss 

 

 
Figure A-21: 3rd Iteration peripheral vision loss 
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Figure A-22: 4th Iteration central vision loss 

 

 
Figure A-23: 4th Iteration peripheral vision loss 
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Figure A-24: 5th Iteration Central vision loss 

 
Figure A-25: 5th Iteration Peripheral vision loss 
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Figure A-26: MAGIC – MATLAB Generic Imaging Component 

Copyright (c) 2013, Mark Hayworth, Ph.D., The Procter & Gamble Company 
 
All rights reserved. 

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions 

are met: 

 Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer. 

 Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in 

the documentation and/or other materials provided with the distribution. 

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS OR 

IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND 

FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR 

CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR 

CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; 

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF 

LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN 

ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE. 
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Figure A-27: 4th Iteration: Person-centered Design Decision Support Prototype 

 
Figure A-28: 4th Iteration of the Prototype tool: Step One (Select Folder function) 
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Figure A-29: 4th Iteration of the Prototype tool: Step Two (Select File) 

 
Figure A-30: 4th Iteration of the Prototype tool: Step Three (Select central vision loss function) 

 
Figure A-31: 4th Iteration of the Prototype tool: Step Three (Select peripheral Vision loss function) 
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Figure A-32: 4th Iteration of the Prototype tool: Step Four (Apply Partial Animation Function) 

 
Figure A-33: 4th Iteration of the Prototype tool: Step Four (Save Partial Animation Function) 

 
Figure A-34: 4th Iteration of the Prototype tool: Step Five (Alter Contrast and Brightness Function) 
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Figure A-35: 4sth Iteration of the Prototype tool: Step Five (Alter Contrast and Brightness) 

 
Figure A-36: 4th Iteration of the Prototype tool: Step Six (Compare Histogram Function) 

 
Figure A-37: 4th Iteration of the Prototype tool: Step Seven (Apply Luminance Map Function) 
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Figure A-38: 4th Iteration of the Prototype tool: Step Seven (Examples of Luminance Map) 

 

 
Figure A-39: 4th Iteration of the Prototype tool: Step Seven (Examples of Luminance Map) 
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Figure A-40: 5th Iteration of the Prototype GUI 

 

 
Figure A-41: 6th Iteration of the central vision loss representation 
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Figure A-42: 6th Iteration of the central vision loss representation 

 
Figure A-43: 6th Iteration of the peripheral vision loss representation 
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Figure A-44: 6th Iteration of the peripheral vision loss representation 
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Appendix B  
Appendix B. IRB Approved Documents 

 

Appendix B provides the Virginia Tech Institution Review Board (IRB) approved documents as 

follows: 

VT IRB-13-939 New Protocol Approval Letter, approved Dec 6, 2013 to Dec 5, 2014 

VT IRB-13-939 Phase 2: Invitation Consent Letter, approved Dec 6, 2013 to Dec 5, 2014 

VT IRB-13-939 Phase 1: Survey Questions, approved Dec 6, 2013 to Dec 5, 2014 

VT IRB-13-939 Phase 1: Verbal Recruitment, approved Dec 6, 2013 to Dec 5, 2014 

VT IRB-13-939 Continuing Review Approval Letter, approved Nov 24, 2014 to Nov 23, 2015 

VT IRB-13-939 Continuing Review Approval Letter, approved April 9, 2015 to April 8, 2016 

VT IRB-13-939 Phase 2: Survey Questions, approved April 9, 2015 to April 8, 2015 

VT IRB-13-939 Phase 3: Survey Questions, approved April 9, 2015 to April 8, 2015 

VT IRB-13-939 Phase 4: Survey Questions, approved April 9, 2015 to April 8, 2015 

VT IRB-13-939 Phase 2: Verbal Recruitment, approved April 9, 2015 to April 8, 2015 

VT IRB-13-939 Phase 2: Email Recruitment, approved April 9, 2015 to April 8, 2015 

VT IRB-13-939 Phase 3: Email Recruitment, approved April 9, 2015 to April 8, 2015 

VT IRB-13-939 Phase 4: Email Recruitment, approved April 9, 2015 to April 8, 2015 

VT IRB-13-939 Phase 2: Email Consent Letter, approved April 9, 2015 to April 8, 2015 

VT IRB-13-939 Phase 3: Email Consent Letter, approved April 9, 2015 to April 8, 2015 

VT IRB-13-939 Phase 4: Email Consent Letter, approved April 9, 2015 to April 8, 2015 

VT IRB-13-939 Phase 2 round 1 and 2: Open-ended Interview questions, approved April 9, 

2015 to April 8, 2015 

VT IRB-13-939 Phase 3: Open-ended Interview questions, approved April 9, 2015 to April 8, 

2015 

VT IRB-13-939 Phase 4: Open-ended Interview questions, approved April 9, 2015 to April 8, 

2015 
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 VT IRB-13-939 New Protocol Approval Letter, approved Dec 6, 2013 to Dec 5, 2014 
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VT IRB-13-939 Phase 2: Consent Letter, approved Dec 6, 2013-Dec 5, 2014 
Dear Attendees, 

On behalf of our research team at Virginia Tech, we are conducting a survey to find volunteers interested 

in participating in the study to demonstrate the usefulness of a prototype tool for improving the 

architectural design process. Additionally the aggregate responses would be used to formulate some 

initial findings about the study.  

 

The survey would be used to find interested volunteers with prior experience in the decision making and 

creating supportive environments for the persons with low vision and / or the elderly persons. The goal of 

the research is to analyze the usability of an age-related vision impairment prototype tool to assist during 

the early design stage. The attendees of the Low Vision Design committee symposium, National Institute 

of Building Sciences are considered as a useful contribution to this study and will help us getting closer 

towards the success of this research. The survey will not take more than five minutes of your time. The 

Virginia Tech Institutional Review Board (IRB) has approved this survey.   

  

There are no direct benefits. On the successful completion of this survey, the aggregated outcomes will 

be shared with your organization, upon request. Your organization can use the aggregated outcome of 

the survey to gauge major decisions and frameworks adopted by other organizations in the industry, and 

align itself according to the needs of the market and competitors. Other benefits include information, 

derived from the aggregated responses of the participants, would form basis to formulate an alteration in 

the design process of facilities for persons with low vision and / or the elderly persons  

  

Your consent for the phase one will be implied when you submit the completed survey questionnaire 

back. For the purpose of maintaining confidentiality as well as to avoid biases in the analysis of the data, 

the volunteer’s contact information would be kept separately in a place that is restricted to access. After 

the completion of the study the confidential documents would be destroyed to confirm this nondisclosure 

clause.          

 

Additionally, the separate consent form requiring signature is meant to imply that the volunteers are 

interested in being a part of the future study and to provide approval to be contacted with detailed 

information on volunteering in the phase two part of the study. Briefly the phase two includes conducting 

one on one face-to-face open-ended interview with the participants. This would not take more than 45 

minutes of your time. Your individual responses will be kept confidential and will not be shared with 

anyone. 
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The process and results will then be published in an academic journal. Thank you for the time that you will 

take out to fill this survey! Should you have any questions about the survey, please feel free to contact 

 

Vidya Gowda 

Ph. D. Student 

School of Architecture and 

Design   

Virginia Tech 

Email:  vidyacg@vt.edu 

Phone:  (540)-808-5190 

Dr. James R Jones 

Professor   

School of Architecture and 

Design   

Virginia Tech  

 Email:   jajone10@vt.edu 

Phone: (540)-231-7647 

Dr. David M. Moore 

IRB Chair  

Virginia Tech 

Email:  moored@vt.edu 

Phone: (540)-231-4991 

Consent form: Approval to be contacted for future Phase two study       Participant: 001 

Statement of Consent: I have read the above information, and have received answers to any questions. 

I am interested in being a part of the future phase two study and provide consent to be contacted with 

additional details on volunteering in the phase two part of the study 

 

Your Signature ___________________________________Date___________________ 

 

Your Name (printed)______________________________________________________ 

 

Signature of person obtaining consent ______________________Date _____________ 

 

Printed name of person obtaining consent ___________________Date _____________ 

This consent form will be kept by the researcher for at least three years beyond the end of the study and 

was approved by the IRB on [date]. 
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VT IRB-13-939 Phase 1: Survey Questions, approved Dec 6, 2013 to Dec 5, 2014 

VT IRB-13-939 Phase 2: Survey Questions, approved April 9, 2015 to April 8, 2015 

VT IRB-13-939 Phase 3: Survey Questions, approved April 9, 2015 to April 8, 2015 

VT IRB-13-939 Phase 4: Survey Questions, approved April 9, 2015 to April 8, 2015 

 
Declaration 

Thank you for taking the time to complete this survey. Your participation is important to inform the 
prototype development process. This survey should only take about 5 minutes of your time. Your answers 
will be completely confidential and the responses would be used to determine interested volunteers willing 
to participate in the next phase of the study. Additionally the aggregate responses would be used to 
formulate some initial findings on an alteration in the design process of facilities for persons with low 
vision and / or the elderly persons If you have any questions about the survey, please contact us at 
vidyacg@vt.edu, jajone10@vt.edu, moored@vt.edu or call 540.808.5190, 540.231.7647, and 
540.231.4991. 

In order to progress through this survey, please use the following navigation options: Check the 
appropriate () boxes to submit your answers 

Survey questions                  Participant: 001 

1. Have you designed or assisted in the design of facilities for  

 Elderly persons   

 Persons with vision impairments    

 Both  

 

2. Have you conducted lighting / daylighting design studies for facilities with low vision occupants? 

 Yes   

 No   

 Not required 

 

3. Select any/all of the projects that you have designed or assisted in designing 

 Other  _________________ 

 Extended care / Assisted living    

 Retirement community 

 Healthcare for senior adults  

 Nursing home  

 School for persons with vision impairments 

 Healthcare for persons with vision impairments    

 Single/multifamily homes for persons with vision impairment   



373 

 

 Clinics serving the persons with vision impairments   

If you checked any of the categories in the 3rd question please answer no. 4. 

 

4. Number of year experience designing these facilities 

 0-2 

 2-5 

 5-10 

 10 or more 

 

5. Did you need support to understand and improve the design of these facilities? 

 Yes   

 No   

 Not applicable 

 

6. Select in descending order of preference or choice of methods that you apply to get support to 

understand the design needs and inform the design process for facilities serving the elderly 

persons. 

 Other _________________________________ 

 Codes & Standards     

 Self-developed research database     

 Referenced research database    

 Communication with rehabilitation experts   

 Physical scaled model      

 Develop Prototypes 

 Case studies  

 Workshop involving users 

 Use of Virtual models 

 Physical mockup model  

 

7. Would a decision support system that represents spaces as seen by a person with vision 

impairment be effective in informing the design process?  

 Yes    

 No     

 Maybe 

 Not applicable 
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8. Select the tools that you use for lighting design during the design development phase of the 

project?  

 Other ________________ 

 Radiance  

 DIVA for Rhino 

 Ecotect 

 Radiocity 

 Rhinoceros 

 Sketchup 

 Revit 

 Autocad 

 

9. The study needs volunteers to participate in a one on one interview section to gather their 

experienced feedback about the proposed prototype tool. Would you be interested in participating 

in this study?  

 Yes    

 No    

 Maybe  

 

10. What would be the best mode of contact? 

 Email    

 Telephone 

 

11. Would you like to receive a copy of the aggregated outcomes of the survey? 

 Yes     

 No 

 

12. Please provide contact details if you are interested in participating in the study and/or to receive a 

copy of the aggregated outcomes of the survey? Your contact details will be kept confidential 

Telephone: (_______)/_______/___________ 

Email id: _____________________________________  
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VT IRB-13-939 Phase 1: Verbal Recruitment, approved Dec 6, 2013 to Dec 5, 2014 
The principal investigator (Professor James R. Jones) would verbally invite attendees at the Low Vision 

Symposium requesting interested volunteer to participate in the survey. This IRB application is being 

submitted for the phase one of the study only.  

 

“Dear Attendees,  

The goal of this research is to improve the design of architectural spaces for persons with vision 

impairments. The team proposes a prototype tool that would be used to reimagine spaces to represent 

what can and cannot be seen by a person suffering from a vision loss condition and that can be used to 

inform the early stage design process. The objective of the study would be to demonstrate the usefulness 

of the prototype tool for improving the design process. The target group for this study includes the 

potential user of the prototype tool, especially those involved in creating supportive environments for the 

persons with low vision and / or the elderly persons. Your participation is important to inform the prototype 

development process.  

Thus interested volunteers may choose to participate in a 5minute survey questionnaire for the phase one 

of the study. Your responses would be used to 1.) Determine volunteers that may be interested in being a 

part of this study by providing written consent that they can be contacted with further details for the phase 

two of the study. 

2.) Additionally the aggregate responses would be used to formulate some initial findings on the topic.  

 

The volunteers can find the paper survey placed on the table at the end of the room. The consent for 

volunteering in the phase one survey would be implied by submitting the filled survey questions. A 

separate consent form has been is placed on the table to get approval from volunteers who are interested 

in being contacted for volunteering and knowing more details on the phase two of the study. Please take 

time to read the consent form and the invitation letter, which briefly describing the terms and conditions 

followed by the introduction to the topic and purpose of the study. The volunteers can leave the filled 

survey and consent documents in a separate box placed on the table by the end of the symposium. For 

the purpose of maintaining confidentiality as well as to avoid biases in the analysis of the data, the 

consent form including the volunteer contact information would be kept separately in an enclosed cabinet 

or a place that is restricted to access. Furthermore, after the completion of the study the confidential 

documents would be destroyed to confirm this nondisclosure clause. If you have any questions about the 

survey, please contact us at email addresses vidyacg@vt.edu, jajone10@vt.edu and moored@vt.edu or 

call 540.231.7647 and (540) 231-4991” 
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VT IRB-13-939 Continuing Review Approval Letter, approved Dec 06, 2014 to Dec 05, 2015 
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VT IRB-13-939 Continuing Review Approval Letter, approved April 9, 2015 to Dec 8, 2016  
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VT IRB-13-939 Phases 2, 3, 4: Survey Questions, approved April 9, 2015 to April 8, 2015 
Declaration 

Thank you for taking the time to complete this survey. Your participation is important to inform the 
prototype development process.This survey should only take about 5 minutes of your time. Your answers 
will be completely confidential and the responses would be used to 1.) Determine your understanding on 
developing decision process maps and 2.) Determine the level of experience in the architectural design 
field. If you have any questions about the survey, please contact us at vidyacg@vt.edu, jajone10@vt.edu, 
or call 540.808.5190, and 540.231.7647 

In order to progress through this survey, please use the following navigation options: 

  Check the appropriate () boxes to submit your answers 

Survey questions                  Participant: ___ 

13. Have you designed or assisted in the design of facilities?  

 Yes   

 No    

 

14. Select the number of years that you have been practicing architecture or working as a design 

professional? 

 1-5 

 5-10 

 10-15 

 15-more 

 

15. Can you briefly summarize your current areas of interest  

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_________________________ 

 

16. Do you have any experience developing design decision process maps?  

 Yes   

 No   

 Maybe 

 

17. Which methods would you use to understand the design needs of facilities serving the older 

persons? 
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☐ Other _________________________________ 

☐ Codes & Standards     

☐ Self developed research database     

☐ Referenced research database    

☐ Communication with rehabilitation experts   

☐ Physical scaled model      

☐ Develop Prototypes 

☐ Case studies  

☐ Workshop involving users 

☐ Use of Virtual models 

☐ Physical mockup model  

 

18. Do you think that a prototype design assistance tool that represents spaces as seen by a person 

with vision impairment would be effective in supporting the design process?  

 Yes    

 No     

 Maybe 

 Not applicable 
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VT IRB-13-939 Phase 2: Verbal Recruitment, approved April 9, 2015 to April 8, 2015 
The principal investigator (James R. Jones) would verbally invite Ph.D. students who have expert 

knowledge in architectural design as well as experience in developing process maps, decision trees and 

framework for prototype tools that can be used to assist decision-making during the early architectural 

design stages. The verbal invitation would be conducted right after the demonstration of the research 

summary in the Ph.D. colloquium presentation. This IRB application is being submitted for the phase 2 to 

help development of the Graphic User Interface (GUI) for the Person-Centered Design Decision-making 

Prototype.  

“Dear Volunteers,  

The goal of this research is to improve the design of architectural spaces for older persons with vision 

impairments. The team proposes a prototype tool that would be used to reimagine spaces to represent 

what can and cannot be seen by a person suffering from a vision loss condition and that can be used to 

inform the early stage design process. The objective of the study would be to demonstrate the initial 

framework that is used to develop the prototype GUI. The target group for this study includes the Ph.D. 

students with prior experience working on architectural design projects and with relevant experience 

developing design process maps and decision trees that can be used for decision-making during early 

architectural design stages. Your participation is important to inform the prototype development.  

The feedback from the participants in the form of open-ended interviews would be used to modify the 

design of the first iteration of the prototype. The same participants would be approached again to give 

feedback on the modifications applied in the second iteration. The feedback would be used to finally 

develop a working prototype tool. Additionally the aggregate responses would be used to formulate some 

initial findings on the usability of the prototype for making design decisions. The Virginia Tech Institutional 

Review Board (IRB) has approved this study.   

A written consent form with conditions of the study will be sent to you via email if you are interested in 

participating in the study. For the purpose of maintaining confidentiality as well as to avoid biases in the 

analysis of the data, any consent information including the volunteer information would be kept separately 

in an enclosed cabinet or a place that is restricted to access. Furthermore, after the completion of the 

study the confidential documents would be destroyed to confirm this nondisclosure clause.          

Briefly the study includes conducting two rounds of face-to-face open-ended interview with the 

participants individually. The first interview round would be audio recorded and would not take more than 

45 minutes of your time. The second round of interview would require only 10 minutes of your time. Your 

individual responses will be kept confidential and will not be shared with anyone. If you have any 

questions about the interview, please contact us at email addresses vidyacg@vt.edu, jajone10@vt.edu, 

moored@vt.edu or call 540.231.7647, (540) 231-4991 
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VT IRB-13-939 Phase 2: Email Recruitment, approved April 9, 2015 to April 8, 2015 
Dear volunteers, 

  

On behalf of our research team at Virginia Tech, would like to ask for your participation in an open-ended 

interview to assist in the development of a Person-Centered Design Decision-making prototype tool to 

support early design decisions for spaces intended for persons with vision loss. The feedback from the 

knowledgeable participants such as yourself will be used to modify the prototype. As a follow-up we would 

ask your opinions for the modifications that are applied in the second iteration. Additionally your feedback 

would help understand the usability of the prototype for making design decisions. The Virginia Tech 

Institutional Review Board (IRB) has approved the procedures used in this study. There are no direct 

benefits to your participation. On the successful completion of the study, the aggregated outcomes will be 

shared with you, upon request. You can use the aggregated outcomes to gauge decision support ideas 

suggested by others. Additionally, the aggregated outcomes may form a basis to improve designer’s 

decision-making skills and be more responsive to persons with low vision. Providing initial verbal approval 

and written consent would imply your consent to participate in the prototype development phase. In order 

to maintain confidentiality and avoid biases in the data analysis, contact information would be kept 

separately in a place that has restricted access. After the completion of the study these confidential 

documents would be destroyed.          

 

Briefly, the study includes conducting two rounds of face-to-face open-ended interviews. The first round 

would be audio recorded and would not take more than 45 minutes of your time. The second round would 

require only about 10 minutes of your time. Your individual responses will be kept confidential and will not 

be shared with anyone. The process and results may be published in an academic journal. Thank you for 

considering this invitation. Please consider that the success of this research depends on the participation 

of dedicated professionals such as you. Please read the consent form with conditions of the study 

attached along with this email. Should you have any questions about the survey, please feel free to 

contact 

Vidya Gowda 

Ph. D. Student 

School of Architecture and 

Design, Virginia Tech 

Email:  vidyacg@vt.edu 

Phone:  (540)-808-5190 

Dr. James R Jones 

Professor  

School of Architecture and 

Design, Virginia Tech 

Email:   jajone10@vt.edu 

Phone: (540)-231-7647 

Dr. David M. Moore 

IRB Chair  

Virginia Tech 

Email:  moored@vt.edu 

Phone: (540)-231-4991 
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VT IRB-13-939 Phase 3: Email Recruitment, approved April 9, 2015 to April 8, 2015 
Dear  

 

First let me introduce myself, my name is Vidya Gowda and I am currently a Ph.D. candidate working with 

Dr. Jim Jones in the College of Architecture and Urban Studies at Virginia Tech. I am contacting you 

regarding our research concerning the development and beta testing of a prototype design assistance 

tool for re-representing architectural models as seen by persons with vision loss. We think that through 

the application of this new tool architects will be able to better see their design proposals from the 

perspective of those that they are designing for and consequently improve their design decision-making 

process.  

 

Several months ago during the Low vision committee meeting held by NIBS at Washington DC, you 

volunteered in a 5-min survey and gave us your consent to be contacted for participating in this study. A 

working prototype is now ready and we would like to move ahead with the beta testing. For the beta 

testing we need the involvement of a few experienced practitioners such as you, to apply the tool in a 

design case study and evaluate the usefulness of the prototype tool to support design decision-making. 

The beta testing would require that you become familiar with the tool and share your impressions for its 

use in a very small design task. This process would require three interactions through the phone or on 

Skype. The drawings and renderings of the case study project would be developed by the researcher and 

sent for your review. The first round of interviews deals with introducing the participants to the prototype 

tool and design problem. This is expected to last no more than 10 minutes. During the second and third 

round the experts would be required to provide design solutions. The investigator would gather feedback 

on the experience of using the tool for improving the design of spaces for older adults with vision loss. 

The second and third rounds of interviews would not take more than 45 minutes of their time. The 

interviews would be audio recorded to support the qualitative analysis process. Your individual responses 

will be kept confidential and will not be shared with anyone. The Virginia Tech Institutional Review Board 

(IRB) has approved this study.   

 

There are no direct benefits to your participation. On the successful completion of the study, the 

aggregated outcomes will be shared with you, upon request. You can use the aggregated outcomes to 

gauge decision support ideas suggested by others. Additionally, the aggregated outcomes may form a 

basis to improve designer’s decision-making skills and be more responsive to persons with low vision. 

The process and results may be published in an academic journal. 
 

If you are interested what might be a good time to conduct the beta testing study with you? Your email 

response with willingness to participate in this study would imply your consent. At any point of your 

participation you can chose to leave the study. Thank you for considering this invitation. I know that your 
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time is very valuable and please consider that our work cannot meet its goals without the help of experts 

and concerned practitioners such as you. Please read the consent form with conditions of the study 

attached along with this email. Should you have any questions, please feel free to contact: 
 

Vidya Gowda 

Ph. D. Student 

School of Architecture and 

Design  

Virginia Tech 

Email:  vidyacg@vt.edu 

Phone:  (540)-808-5190 

Dr. James R Jones 

Professor 

School of Architecture and 

Design  

Virginia Tech 

Email:   jajone10@vt.edu 

Phone: (540)-231-7647 

Dr. David M. Moore 

IRB Chair  

Virginia Tech 

Email:  moored@vt.edu 

Phone: (540)-231-4991 
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VT IRB-13-939 Phase 4: Email Recruitment, approved April 9, 2015 to April 8, 2015 
 

Dear  

 

First let me introduce myself, my name is Vidya Gowda and I am currently a Ph.D. candidate working with 

Dr. Jim Jones in the College of Architecture and Urban Studies at Virginia Tech. I am contacting you 

regarding our research to find consensus on the useful of a prototype design assistance tool for re-

representing architectural models as seen by persons with vision loss. We think that through the 

application of this new tool architects will be able to better see their design proposals from the perspective 

of those that they are designing for and consequently improve their design decision-making process.  

 

Several months ago during the Low vision committee meeting held by NIBS at Washington DC, you 

volunteered in a 5-min survey and gave us your consent to be contacted as you were interested in 

participating in this study. A working prototype has been beta tested and we would like to move ahead 

with finding consensus on the usefulness of the prototype design assistance tool for re-representing 

architectural models as seen by persons with vision loss. For this study we need the involvement of a few 

experienced practitioners such as you, to participate in an open-ended interview to evaluate the 

usefulness of the prototype tool to support design decision-making. This process would require a single 

interaction through the phone or on Skype. I do not anticipate that this interaction would exceed more 

than forty-five minutes. The researcher would demonstrate the prototype development process and the 

application of the prototype for a case study project. Consecutively, an open-ended interview would be 

conducted to get your feedback on the usability of the tool when making design decisions and to get 

suggestions on improving the tool. The interviews would be audio recorded to support the qualitative 

analysis process. Your individual responses will be kept confidential and will not be shared with anyone. 

The Virginia Tech Institutional Review Board (IRB) has approved this study.   

 

There are no direct benefits to your participation. On the successful completion of the study, the 

aggregated outcomes will be shared with you, upon request. You can use the aggregated outcomes to 

gauge decision support ideas suggested by others. Additionally, the aggregated outcomes may form a 

basis to improve designer’s decision-making skills and be more responsive to persons with low vision. 

The process and results may be published in an academic journal. 
 

If you are interested what might be a good time to conduct the interview with you? Your email response 

with willingness to participate in this study would imply your consent. At any point of your participation you 

can chose to leave the study. Thank you for considering this invitation. I know that your time is very 

valuable and please consider that our work cannot meet its goals without the help of experts and 
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concerned practitioners such as you. Please read the consent form with conditions of the study attached 

along with this email. Should you have any questions, please feel free to contact: 

 

Vidya Gowda 

Ph. D. Student 

School of Architecture and 

Design   

Virginia Tech 

Email:  vidyacg@vt.edu 

Phone:  (540)-808-5190 

Dr. James R Jones 

Professor   

School of Architecture and 

Design   

Virginia Tech  

 Email:   jajone10@vt.edu 

Phone: (540)-231-7647 

Dr. David M. Moore 

IRB Chair  

Virginia Tech 

Email:  moored@vt.edu 

Phone: (540)-231-4991 
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VT IRB-13-939 Phase 2: Email Consent Letter, approved April 9, 2015 to April 8, 2015 
VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Informed Consent for Participants in Research Projects Involving Human Subjects 

Consent form: Approval to participate in Phase two Member checking study                                               

Participant: 001 

 

Title of Project: Credibility of a Person-Centered Design Decision-making Prototype: Spaces for Older 

Adults with Vision Impairments 

Investigator(s):  Jones James               jajone10@vt.edu / (540)-231-7647 

   Name    E-mail / Phone number 

Gowda Vidya  vidyacg@vt.edu / (540)-808-5190  

Name    E-mail / Phone number 

 

I. Purpose of this Research Project 

Our research team at Virginia Tech would like to ask for your participation in an open-ended interview to 

assist in the development of a Person-Centered Design Decision-making prototype tool to support early 

design decisions for spaces intended for persons with vision loss. The investigator will need 6 to 8 

architects located in Blacksburg with 5 or more years of design experience. The overall goal of this 

research is to improve the design of architectural spaces for persons with vision impairments. The Virginia 

Tech Institutional Review Board (IRB) has approved the procedures used in this study. The study results 

would support the objectives for the Ph.D. dissertation and in meeting the requirements for graduation. 

The process and results may be published in an academic journal. Overall, the understanding gained 

from the study will be intended to be used as a guideline for developing the fully functional Design 

Support System (DSS) for designing facilities for older adults with vision impairments that can be useful 

for informing future studies.  

 

II. Procedures 

Briefly, the study includes conducting two rounds of face-to-face open-ended interviews in Blacksburg. 

The investigator will need 6 to 8 architects located in Blacksburg with 5 or more years of design 

experience. The volunteers will need to have prior experience with designing process maps or building 

decision support prototype tools. The participants will be current Ph.D. students, candidates or graduates 

from the architecture design and research department. Gender / Age / health status / ethnicity: would not 

be criteria for this study. Both male and female professionals will be invited to participate and no 

preference is given to gender. 

 

The first round would be audio recorded and would not take more than 45 minutes of your time. The 
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second round would require only about 10 minutes of your time. First round of interview: the investigator 

would use a Graphic User Interface to demonstrate the applicability of the prototype during the early 

design process. The objective would be to create a goal-oriented prototype that could help designers 

apply a person-centered design to evaluate space design for older persons with vision loss. Second 

round of interview: As a follow-up the same user group would be approached again to show the 

modifications and get consensus for going forward with the second iteration of the prototype development. 

Using this feedback the researcher would develop the final working prototype.  

 

Researcher will maintain notes to record participant’s evaluations, suggestions and improvements to the 

layout of the graphic user interface. The researcher will take note of important observations, findings and 

next steps during the interviews. A 5-minute fact-finding survey questionnaire will be sent to the volunteer 

a little before the interview. The answers will be recorded in the form of yes or no or multiple choice format 

and collected before the conducting the interview. Audio recordings will be used to manually categorize 

data to reflect the outcomes using a digital system such as an excel file. This recorded data would be 

saved on the computer system which would be password protected to maintain privacy of data as well as 

confidentiality.  

(“Participation in this study is optional and should you agree to participate, you will be asked to provide 

verbal consent to participate in a 45-minute audio recorded first round of interview and 10-minute second 

round of interview.”) 

 

III. Risks 

The study poses only minimal potential risk to the participants now or in future. 

 

IV. Benefits 

There are no direct benefits to your participation. On the successful completion of the study, the 

aggregated outcomes will be shared with you, upon request. You can use the aggregated outcomes to 

gauge decision support ideas suggested by others. Additionally, the aggregated outcomes may form a 

basis to improve designer’s decision-making skills and be more responsive to persons with low vision. No 

promise or guarantee of benefits has been made to encourage you to participate. 

 

V. Extent of Anonymity and Confidentiality 

The investigator will maintain your privacy. Your individual responses will be kept confidential and will not 

be shared with anyone. The investigator will not share any information that would directly or indirectly 

affect you during or after the study. Your identity will be confidential. The confidential data would be stored 

and locked in a safe place which will be restricted to access. Soon after the completion of all the phases 

of the study all confidential information will be erazed from the system and all hardcopy data will be 
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discarded. The Virginia Tech (VT) Institutional Review Board (IRB) may view the study’s data for auditing 

purposes. The IRB is responsible for the oversight of the protection of human subjects involved in 

research. 

 

VI. Compensation 

No compensation is to be earned through participation in this study. 

 

VII. Freedom to Withdraw 

It is important for you to know that you are free to withdraw from this study at any time without penalty. 

You are free not to answer any questions that you choose or respond to what is being asked of you 

without penalty. Please note that there may be circumstances under which the investigator may determine 

that a subject should not continue as a subject. Should you withdraw or otherwise discontinue 

participation, you will be compensated for the portion of the project completed in accordance with the 

Compensation section of this document. 

 

VIII. Questions or Concerns 

Should you have any questions about this study, you may contact one of the research investigators 

whose contact information is included at the beginning of this document. Should you have any questions 

or concerns about the study’s conduct or your rights as a research subject, or need to report a research-

related injury or event, you may contact the VT IRB Chair, Dr. David M. Moore at moored@vt.edu or (540) 

231-4991. 

 

IX. Subject's Consent 

I have read the Consent Form conditions of this project. I have had all my questions answered. I hereby 

acknowledge the above and give my voluntary consent for conducting the interview. I hereby 

acknowledge the use of audio recording for the interview sessions and give my voluntary consent for 

using audio recording of the interview. This consent form will be kept by the researcher for at least three 

years beyond the end of the study and was approved by the IRB on [date]. 
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VT IRB-13-939 Phase 3: Email Consent Letter, approved April 9, 2015 to April 8, 2015 
VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Informed Consent for Participants in Research Projects Involving Human Subjects 

Consent form: Approval to participate in Phase three (Collaborative immersive design case study)                                               

Participant: 001 

 

Title of Project: Credibility of a Person-Centered Design Decision-making Prototype: Spaces for Older 

Adults with Vision Impairments 

Investigator(s):  Jones James jajone10@vt.edu / (540)-231-7647 

   Name    E-mail / Phone number 

Gowda Vidya      vidyacg@vt.edu / (540)-808-5190  

Name   E-mail / Phone number 

 

I. Purpose of this Research Project 

Our research team at Virginia Tech would like to ask for your participation in a remote open-ended 

interview concerning the development and beta testing of a prototype design assistance tool for re-

representing architectural models as seen by persons with vision loss. We think that through the 

application of this new tool architects will be able to better see their design proposals from the perspective 

of those that they are designing for and consequently improve their design decision-making process. The 

investigator will need 2 to 4 experienced practitioners such as you. The overall goal of this research is to 

improve the design of architectural spaces for persons with vision impairments. The Virginia Tech 

Institutional Review Board (IRB) has approved the procedures used in this study. The study results would 

support the objectives for the Ph.D. dissertation and in meeting the requirements for graduation. The 

process and results may be published in an academic journal. Overall, the understanding gained from the 

study will be intended to be used as a guideline for developing the fully functional Design Support System 

(DSS) for designing facilities for older adults with vision impairments that can be useful for informing 

future studies.  

 

II. Procedures 

Briefly, the study includes conducting three rounds of face-to-face open-ended interviews remotely 

through Skype interaction. The investigator will need 2 to 4 experienced practitioners from the 

architectural design, lighting design and healthcare industry actively involved in creating supportive 

environments for the persons with low vision and / or the elderly persons. Gender / Age / health status / 

ethnicity: would not be criteria for this study. Both male and female professionals will be invited to 

participate and no preference is given to gender. 

 

Participants will be immersed into an architectural design problem while using the prototype tool. The first 
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round would not take more than 10 minutes of your time. The second and the third rounds would be audio 

recorded and would require only about 45 minutes of your time.  

First round of interview: The first round of interviews deals with introducing the participants to the 

prototype tool and design problem. Second and third round of interview: During the second and third 

round the experts will be required to provide design solutions and provide feedback on the experience of 

using the tool for improving the design of spaces for older adults with vision loss. 

 

Researcher will maintain notes to record participant’s evaluations, suggestions and improvements to the 

prototype tool. The researcher will take note of important observations, findings and next steps during the 

interviews. A 5-minute fact-finding survey questionnaire will be sent to the volunteer a little before the 

interview. The answers will be recorded in the form of yes or no or multiple choice format and collected 

before the conducting the interview. Audio recordings will be used to manually categorize data to reflect 

the outcomes using a digital system such as an excel file. This recorded data would be saved on the 

computer system which would be password protected to maintain privacy of data as well as 

confidentiality.  

 

(“Participation in this study is optional and should you agree to participate, you will be asked to provide 

verbal consent to participate in a 45-minute audio recorded first round of interview and 10-minute second 

round of interview.”) 

 

III. Risks 

The study poses only minimal potential risk to the participants now or in future. 

 

IV. Benefits 

There are no direct benefits to your participation. On the successful completion of the study, the 

aggregated outcomes will be shared with you, upon request. You can use the aggregated outcomes to 

gauge decision support ideas suggested by others. Additionally, the aggregated outcomes may form a 

basis to improve designer’s decision-making skills and be more responsive to persons with low vision. No 

promise or guarantee of benefits has been made to encourage you to participate. 

 

V. Extent of Anonymity and Confidentiality 

The investigator will maintain your privacy. Your individual responses will be kept confidential and will not 

be shared with anyone. The investigator will not share any information that would directly or indirectly 

affect you during or after the study. Your identity will be confidential. The confidential data would be 

stored and locked in a safe place which will be restricted to access. Soon after the completion of all the 

phases of the study all confidential information will be erazed from the system and all hardcopy data will 

be discarded. The Virginia Tech (VT) Institutional Review Board (IRB) may view the study’s data for 
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auditing purposes. The IRB is responsible for the oversight of the protection of human subjects involved 

in research. 

 

VI. Compensation 
No compensation is to be earned through participation in this study. 

 

VII. Freedom to Withdraw 

It is important for you to know that you are free to withdraw from this study at any time without penalty. 

You are free not to answer any questions that you choose or respond to what is being asked of you 

without penalty. Please note that there may be circumstances under which the investigator may 

determine that a subject should not continue as a subject. Should you withdraw or otherwise discontinue 

participation, you will be compensated for the portion of the project completed in accordance with the 

Compensation section of this document. 

 

VIII. Questions or Concerns 

Should you have any questions about this study, you may contact one of the research investigators 

whose contact information is included at the beginning of this document. Should you have any questions 

or concerns about the study’s conduct or your rights as a research subject, or need to report a research-

related injury or event, you may contact the VT IRB Chair, Dr. David M. Moore at moored@vt.edu or 

(540) 231-4991. 

 

IX. Subject's Consent 

I have read the Consent Form conditions of this project. I have had all my questions answered. I hereby 

acknowledge the above and give my voluntary consent for conducting the interview. I hereby 

acknowledge the use of audio recording for the interview sessions and give my voluntary consent for 

using audio recording of the interview. This consent form will be kept by the researcher for at least three 

years beyond the end of the study and was approved by the IRB on [date].  
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VT IRB-13-939 Phase 4: Email Consent Letter, approved April 9, 2015 to April 8, 2015 
VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Informed Consent for Participants in Research Projects Involving Human Subjects 

Consent form: Approval to participate in Phase four (Expert validation)             Participant: 001 

 

Title of Project: Credibility of a Person-Centered Design Decision-making Prototype: Spaces for Older 

Adults with Vision Impairments 

Investigator(s):  Jones James  jajone10@vt.edu / (540)-231-7647 

   Name   E-mail / Phone number 

Gowda Vidya  vidyacg@vt.edu / (540)-808-5190  

Name   E-mail / Phone number 

 

I. Purpose of this Research Project 

Our research team at Virginia Tech would like to ask for your participation in a remote open-ended 

interview to find consensus on the useful of a prototype design assistance tool for re-representing 

architectural models as seen by persons with vision loss. We think that through the application of this new 

tool architects will be able to better see their design proposals from the perspective of those that they are 

designing for and consequently improve their design decision-making process. The investigator will need 

6 to 8 experienced practitioners such as you. The overall goal of this research is to improve the design of 

architectural spaces for persons with vision impairments. The Virginia Tech Institutional Review Board 

(IRB) has approved the procedures used in this study. The study results would support the objectives for 

the Ph.D. dissertation and in meeting the requirements for graduation. The process and results may be 

published in an academic journal. Overall, the understanding gained from the study will be intended to be 

used as a guideline for developing the fully functional Design Support System (DSS) for designing 

facilities for older adults with vision impairments that can be useful for informing future studies.  

 

II. Procedures 

Briefly, the study includes conducting a single face-to-face open-ended interview remotely through Skype 

interaction. The investigator will need 6 to 8 experienced practitioners from the architectural design, 

lighting design and healthcare industry actively involved in creating supportive environments for the 

persons with low vision and / or the elderly persons. Gender / Age / health status / ethnicity: would not be 

criteria for this study. Both male and female professionals will be invited to participate and no preference 

is given to gender.  

 

The open-ended interview will be used to evaluate the usefulness of the prototype tool to support design 

decision-making. This process would require a single interaction through the phone or on Skype. I do not 

anticipate that this interaction would exceed more than forty-five minutes. The researcher would 
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demonstrate the prototype development process and the application of the prototype for a case study 

project. Consecutively, an open-ended interview would be conducted to get your feedback on the usability 

of the tool when making design decisions and to get suggestions on improving the tool. The interviews 

would be audio recorded to support the qualitative analysis process. 
 

Researcher will maintain notes to record participant’s evaluations, suggestions and improvements to the 

prototype tool. The researcher will take note of important observations, findings and next steps during the 

interviews. A 5-minute fact-finding survey questionnaire will be sent to the volunteer a little before the 

interview. The answers will be recorded in the form of yes or no or multiple choice format and collected 

before the conducting the interview. Audio recordings will be used to manually categorize data to reflect 

the outcomes using a digital system such as an excel file. This recorded data would be saved on the 

computer system which would be password protected to maintain privacy of data as well as 

confidentiality.  

 

(“Participation in this study is optional and should you agree to participate, you will be asked to provide 

verbal consent to participate in a 45-minute audio recorded first round of interview and 10-minute second 

round of interview.”) 

 

III. Risks 

The study poses only minimal potential risk to the participants now or in future. 

 

IV. Benefits 
There are no direct benefits to your participation. On the successful completion of the study, the 

aggregated outcomes will be shared with you, upon request. You can use the aggregated outcomes to 

gauge decision support ideas suggested by others. Additionally, the aggregated outcomes may form a 

basis to improve designer’s decision-making skills and be more responsive to persons with low vision. No 

promise or guarantee of benefits has been made to encourage you to participate. 

 

V. Extent of Anonymity and Confidentiality 

The investigator will maintain your privacy. Your individual responses will be kept confidential and will not 

be shared with anyone. The investigator will not share any information that would directly or indirectly 

affect you during or after the study. Your identity will be confidential. The confidential data would be 

stored and locked in a safe place which will be restricted to access. Soon after the completion of all the 

phases of the study all confidential information will be erazed from the system and all hardcopy data will 

be discarded. The Virginia Tech (VT) Institutional Review Board (IRB) may view the study’s data for 

auditing purposes. The IRB is responsible for the oversight of the protection of human subjects involved 

in research. 
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VI. Compensation 

No compensation is to be earned through participation in this study. 

 

VII. Freedom to Withdraw 

It is important for you to know that you are free to withdraw from this study at any time without penalty. 

You are free not to answer any questions that you choose or respond to what is being asked of you 

without penalty. Please note that there may be circumstances under which the investigator may 

determine that a subject should not continue as a subject. Should you withdraw or otherwise discontinue 

participation, you will be compensated for the portion of the project completed in accordance with the 

Compensation section of this document. 

 
VIII. Questions or Concerns 

Should you have any questions about this study, you may contact one of the research investigators 

whose contact information is included at the beginning of this document. Should you have any questions 

or concerns about the study’s conduct or your rights as a research subject, or need to report a research-

related injury or event, you may contact the VT IRB Chair, Dr. David M. Moore at moored@vt.edu or 

(540) 231-4991. 

 

IX. Subject's Consent 
I have read the Consent Form conditions of this project. I have had all my questions answered. I hereby 

acknowledge the above and give my voluntary consent for conducting the interview. I hereby 

acknowledge the use of audio recording for the interview sessions and give my voluntary consent for 

using audio recording of the interview. This consent form will be kept by the researcher for at least three 

years beyond the end of the study and was approved by the IRB.  
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VT IRB-13-939 Phase 2 round 1 and 2: Open-ended Interview questions, approved April 

9, 2015 to April 8, 2015: Qualitative open-ended interview 

Round 1 Interview Questions 

1.) Before being introduced in this study were you aware about vision loss conditions (Macular 
Degeneration, Glaucoma)?  

Cue: Present a brief description about the vision conditions 

2.) What is your opinion about re-representing design renderings of spaces intended for persons with 
vision loss?  

Cue: Present images of rendered spaces representing normal as well as the vision loss 

conditions: Macular Degeneration, Glaucoma 

3.) Is it possible to identify design issues from renderings that represent vision loss conditions?  
Cue: Present rendering examples that show spaces with and without vision loss 

conditions: Macular Degeneration, Glaucoma 

4.) Do you think that your design decisions would be improved if the re-representations could be time 
and space dynamic such as a walk-thru animation?  

Cue: Present rendered animation and point in time rendered image of a space 

5.) If you were to make suggestions on improving the architect’s’ understanding about the vision loss 
conditions during the design process, what would they be?  

Cue: Present the existing and proposed design process map that would incorporate the 

proposed person-centered design decision support prototype tool for designing spaces for older 

persons with vision impairments 

6.) If you were to make suggestions on improving the vision loss representations for supporting 
design decisions, what would they be?  

Cue: Present the representations of the proposed vision loss approximations for Macular 

Degeneration and Glaucoma.  

Cue word: Potential drawbacks, Suggestions to improve,  

7.) If you were to make suggestions on improving the organization and working of the graphic user 
interface, what would they be?  

Cue: Present the first iteration of the graphic user interface (Quick Design) and briefly 

describe the working.  

Cue word: Potential drawbacks, Suggestions to improve 

8.) Do you think a decision support prototype tool used to represent spaces as seen by older 
persons with vision loss would improve decision making during the design process?  

Round 2 Interview Questions  

1.) Do you think that the modifications made to the prototype improved the usefulness? If so in what 
ways? 

Cue: Present the 1st iteration and the modified 2nd iteration of the graphic user interface 

for the proposed prototype tool 

2.) If you were to make suggestions on improving the second iteration of the proposed design 
process, what would they be?  
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3.) Do you think a decision support prototype tool used to represent spaces as seen by older 
persons with vision loss would improve decision making during the design process?  

 

VT IRB-13-939 Phase 3: Open-ended Interview questions, approved April 9, 2015 to April 

8, 2015: Collaborative Design Case study process: Qualitative open-ended interview 
 

Round 3 Interview Questions 

(Vision Loss Algorithm) 

1.) What is your opinion about re-representing design renderings of spaces intended for persons with 
vision loss?  

2.) What is your opinion about the approximation functions used to represent the vision information loss 
due to the central vision loss? 

3.) What is your opinion about the approximation functions used to represent the vision information loss 
due to the peripheral vision loss? 

4.) What is your opinion about the representation of the progression of vision loss conditions for degrees 
of loss, intensity and for space movement?  

5.) Do you think that these representations are a reasonable beginning to represent spaces for persons 
with vision loss?  

6.) If you were to make suggestions on improving the vision loss representations for supporting design 
decisions, what would they be?  

 

(Design Process) 

7.) What is the current metric used to measure low vision conditions in terms of glare index, contrast, 
brightness, finishes, or other design features? If you were to make suggestions on using an 
appropriate metrics what would they be?  

8.) (Designers) Describe your process of retrofit design while considering for older persons with or 
without vision loss? 
 Or  

What are the steps currently used to inform the design of spaces for older persons with or without 

vision loss?  

9.) (Vision researchers) Proposing if you were a consultant to a design retrofit project  
What would be your thought process to consider to design spaces for older person with or without 

vision loss? 

10.) What kind of inputs would you provide to architects?  
11.) What approach would you adopt to convey your point of view? 
 

(Prototype Structure) 

12.) What is your opinion about the graphic user interface design for the prototype tool used to re-
represent renderings of spaces for persons with vision loss?  

13.) What is your opinion about the learning curve required for using the graphic user interface for the 
prototype tool?  
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(Case study Questions) 

14.) Procedurally looking at such a facility are you able to provide inputs to change the space design?  
15.) During the collaborative design case study process how did the tool help in making design 

decisions to improve the spaces? Do you think of any decisions that you made or points that you 
noted in the case study due to the use of the tool that you would have otherwise not made? 

16.) Does the application of the proposed prototype tool assist or support in making better decisions 
during the design of spaces intended for older persons with vision impairments?  

17.) What is your opinion about the prototype outputs? Were they intuitive and understandable or 
were they difficult to understand? Do the outputs support design decision-making?  

 

(Usability for decision making) 

18.) Do you think that the application of the prototype tool would make designs more person 
centered? 

19.) If you were willing to pay for the tool to incorporate it within the everyday design process, how 
much would you be willing to pay? 

20.) If the tool were available and easy to use, would you use it in projects which are not necessarily 
targeted at vision impairments, for example with design spaces such as healthcare facilities, hospitals 
etc.? 

21.) Do you think that your design decisions would be improved if the re-representations could be time 
and space dynamic such as a walk-thru animation?  

22.) Cue: Present rendered animation and point in time rendered image of a space 
23.) Do you think a decision support tool would reduce the need to use cumbersome mockup setting 

or expensive vision simulator glasses? 
24.) Does the prototype tool have the potential to bridge the gap or boundary between how 

consultants and design professional can contribute to the design process? 
25.) Is the approach taken through this study a reasonable beginning?  
26.) Do you see any other potential to this prototype tool? 
 

(Suggestions) 

27.) If you were to make suggestions on improving the organization and working of the graphic user 
interface, what would they be?  

28.) If you were to make suggestions to improve the design of the prototype what would they be? 
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VT IRB-13-939 Phase 4: Open-ended Interview questions, approved April 9, 2015 to April 

8, 2015: Expert Validation: Qualitative open-ended interview 
 

Interview Questions 

(Design Process) 

1. (Designer Question) Describe your process of design decision making while considering for older 
persons with or without vision loss? 
Or  

What are the steps currently used to inform the design of spaces for older persons with or without 

vision loss?  

 

2. (Vision Researcher) Proposing if you were a consultant to a design project  
What would be your thought process to consider to design spaces for older person with or without 

vision loss? 

3. (Vision Researcher) What kind of inputs would you provide to architects?  
4. (Vision Researcher) What approach would you adopt to convey your point of view? Cue: Present 

the proposed graphic user interface representation 
5. What is the current metric used to measure low vision conditions in terms of glare index, contrast, 

brightness, finishes, or other design features? If you were to make suggestions on using an 
appropriate metrics what would they be?  

 

(Vision Loss Algorithm)  

6. What is your opinion about re-representing design renderings of spaces intended for persons with 
vision loss?  

7. What is your opinion about the approximation functions used to represent the vision information 
loss due to the central and peripheral vision loss? 

8. Do you think that the approach taken through this study to represent spaces for persons with 
vision loss are a reasonable beginning? 

 

Graphic User Interface (GUI): Prototype tool Questions 

9. What is your opinion about the graphic user interface design for the prototype tool used to re-
represent renderings of spaces for persons with vision loss?  

10. What is your opinion about the prototype outputs? Were they intuitive and understandable?  
11. Do you think that your design decisions would be improved if the re-representations could be time 

and space dynamic such as a walk-thru animation?  
 

(Usability for Decision-making) 

12. Do the outputs support design decision-making? If not what suggestions would you make to 
represent the design decision making? Do you think you will use the tool like this in your own 
process?  

13. If the tool were available and easy to use, would you use it in projects which are not necessarily 
targeted at vision impairments, for example with design spaces such as healthcare facilities, 
hospitals etc.? 
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14. Do you think a decision support tool would reduce the need to use cumbersome mockup setting 
or expensive vision simulator glasses? 

15. Do you think that the application of the prototype tool would make designs more person 
centered? 

16. If you were willing to pay for the tool to incorporate it within the everyday design process, how 
much would you be willing to pay? 

17. Does the prototype tool have the potential to bridge the gap or boundary between how 
consultants and design professional can contribute to the design process? 

 

(Suggestions) 

18. If you were to make suggestions to improve the design of the prototype what would they be? 
19. Do you see any other potential to this prototype tool? 

 

 

  



400 

 

Appendix C 
Table Appendix C-1: Dropbox file locations 

Files Dropbox File Location 

Working Prototype Tool Version 1 (PCDD) 

Windows 64 bit standalone 

application file 

\For_Casestudy_Participants\Prototypetool_documents\PCCDwin6

4\PCCDwin64\for_redistribution 

Windows 32 bit standalone 

application file  

\For_Casestudy_Participants\Prototypetool_documents\PCCDwin3

2\PCCDwin32\for_redistribution 

Mac OS X standalone application 

file supported on Mavericks (OS X 

10.9) and Yosemite (OS X 10.10) 

\For_Casestudy_Participants\Prototypetool_documents\PCCD_ma

c\PCCD_mac\for_redistribution\MyAppInstaller_web.app\Contents\

Resources\installer.icns 

Working Prototype Tool Version 2 (PCDD1) 

Windows 64 bit standalone 

application file 

\For_Casestudy_Participants\Prototypetool_documents\PCDD1_64

\PCDD1_64\for_redistribution 

Windows 32 bit standalone 

application file  

\For_Casestudy_Participants\Prototypetool_documents\PCDD1_32

\PCDD1_32\for_redistribution 

Mac OS X standalone application 

file supported on Mavericks (OS X 

10.9) and Yosemite (OS X 10.10) 

\For_Casestudy_Participants\Prototypetool_documents\PCDD1_m

ac\PCDD1_mac\for_redistribution\MyAppInstaller_web.app\Content

s\Resources\installer.icns 

Prototype Installation Videos \For_Casestudy_Participants\Prototypetool_documents\1_PCCD_I

nstall_Demonstration 

Collaborative Immersive 

Design Interview Questions 

and demonstration 

\For_Casestudy_Participants\CasestudyFriendship_documents\1_

Casestudy_Interview_PPT 

Friendship Case Study 

Photometric 2D Representations 

\For_Casestudy_Participants\CasestudyFriendship_documents\4_

Casestudy_2Drenderings\HDRformat 

Friendship Case Study: Central 

Vision Loss Representations 

\For_Casestudy_Participants\CasestudyFriendship_documents\4_

Casestudy_2Drenderings\LDRformat\centralvisionloss 

Friendship Case Study: Peripheral 

Vision Loss Representations 

\For_Casestudy_Participants\CasestudyFriendship_documents\4_

Casestudy_2Drenderings\LDRformat\peripheralvisionloss 

Friendship Case Study: 

Luminance Maps on Vision Loss 

Representations 

\For_Casestudy_Participants\CasestudyFriendship_documents\4_

Casestudy_2Drenderings\LDRformat\luminancemap 
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Table Appendix C-1 Continued: Dropbox file locations 

Friendship Case Study Videos 

(Partial Animations) 

\For_Casestudy_Participants\CasestudyFriendship_documents\5_

AVI_Friendship 

Friendship Case Study Site 

Photos 

\For_Casestudy_Participants\CasestudyFriendship_documents\3_

Casestudy_photos 

Friendship Case Study Floor Plan \For_Casestudy_Participants\CasestudyFriendship_documents\2_

Casestudy_floorplan 

Expert Validation Study 

Questions and Demonstrations 

\For_Casestudy_Participants\Expert_valid_Interviews_PPT 

 

Prototype DSS tool Iteration 4: Installation Guide 
1.) Please download the folders from to the link into your desktop computer  

\Dropbox\PCCD_win64_install\PCCDwin64\for_redistribution_files_only and 

\Dropbox\research\PCCD_win64_install  Or  

\Dropbox\PCCD_win32_install\PCCDwin32\for_redistribution_files_only and  

\Dropbox\research\PCCD_win32_install Or 

\Dropbox\PCCD_mac_install\PCCDmac\for_redistribution_files_only and  

\Dropbox\research\PCCD_mac_install 

2.) Depending on which windows version, please visit the site  

<http://www.mathworks.com/products/compiler/mcr/>. 

3.) From the table on this website download the windows bit 64 or 32 or mac version based on 

what your machine needs for the Release (Matlab Runtime Version#) = R2015a (8.5) 

4.) Install the Matlab Runtime in the default location suggested by Mathworks.  

5.) Open  

Desktop\PCCDwin64\for_redistribution_files_only  bor  

Desktop\PCCDwin32\for_redistribution_files_only  Or 

Desktop\PCCDmac\for_redistribution_files_only  

6.) Double click on the application type that says PCCDwin64 or PCCDwin32 or PCCDmac and the 

Prototype GUI tool should come up and you are ready to use this.   
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