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Abstract 
 

Insufficient knowledge of residential preferences represents a major obstacle to 

achieving residential satisfaction and quality of life. This obstacle is even greater in the 

case of transit-oriented developments (TODs), as their success depends, in part, on the 

degree to which people’s preferences are consistent with their residential environments. 

This study employed a visual choice experiment, which combines the benefits of visual 

preference surveys and discrete choice experiments, to elicit residential preference for 

TODs in Riyadh, Saudi Arabia, before the opening of its citywide public transportation 

system. Using a seemingly homogeneous sample of participants, the analysis 

incorporated three analytical methods to elicit residential preference: a multinomial logit 

model, a mixed logit model, and a latent class model. The results indicated the presence 

of preference heterogeneity and the emergence of four lifestyle classes that could explain 

and predict residential preference patterns. People with similar sociodemographic 

characteristics may have different lifestyles based on their choice behavior, marital status, 

and public transit attitudes. Additionally, the results showed a strong preference for low-

density housing, even among those who favor living in a TOD; however, increasing 

density could be mitigated through the presence of other TOD attributes. The findings of 

this research point to the diversity of residential preferences and suggest that providing a 

variety of residential environments increases the likelihood that people will find their 

preferred environment. Additionally, planning efforts to convert all developments near 



 

 

transit, particularly in suburban locations, to TODs might be unsuitable in cities where 

public transportation has been introduced only recently. Instead, deferring TOD 

conversion efforts until public transportation and its use are mature may attract people to 

live near transit and encourage the gradual development of transit affinity in residents 

who may otherwise reject TOD living completely. Lastly, the successful application of a 

visual choice experiment in this research opens up a variety of potential analytical 

methods that are used commonly in other fields and have the potential to move visual 

preference research into the realm of robust empirical investigation. 
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Abstract (General Audience) 

  

The work of urban planners, urban designers, architects, and policy makers 

centers on improving the built environment and increasing the quality of people’s lives. 

However, their work entails making decisions that are not always in tandem with 

people’s preferences (e.g., increasing housing density, proposing a mix of land uses in 

residential neighborhoods, introducing public transportation close to where people live 

and work, to name a few). Due to the uncertainty surrounding people’s acceptance of 

modifications of the built environment, especially when it entails introducing residential 

attributes for the first time, this dissertation focused on 1) assessing residential 

preference near public transportation nodes in Riyadh, Saudi Arabia before  operation of 

the public transportation system, and 2) assessing the extent to which advanced analytical 

methods are capable of providing a better understanding of residential preference 

differences among a seemingly homogenous sample of participants. The work in this 

dissertation was motivated by the increasing use of manipulated images in choice tasks, 

where participants are presented with multiple images, each depicting a residential 

scenario, as bundles to choose from, and their choice patterns then recorded and 

analyzed. The results showed that among the relatively homogenous sample of 

participants that was recruited, four significant residential preference patterns have 

emerged, which could be used to describe and predict residential preference and choice 



 

 

with great accuracy. This dissertation laid out several policy implications that could be 

useful in providing a built environment that matches with what people want. It also 

provided research implications and suggestions on the use of visual choice experiments 

for urban planners and designers that are well-developed in other fields of inquiry. 
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Glossary of Terms and Acronyms 

TOD Transit-oriented development. It is a type of development that 

leverages on its proximity to public transit stops, and it is 

characterized by being dense, having more than one land use, and 

being within a half-mile pedestrian shed of public transportation.  

TAD Transit-adjacent development. It is a type of development that 

happens to be near transit stops but does not have any connection 

or orientation to public transit.  

3Ds Density, design, and diversity. These are the major physical 

attributes of TODs. 

RSS Residential self-selection. It is the process by which people choose 

their housing based on their transit mode preference.  

MNL Multinomial logit model. It is a standard logit model that is used to 

analyze data of more than two categorical dependent variables.  

ML Mixed logit model. It is a logit model that is capable of overcoming 

the limitations of the MNL model (i.e., IIA and IID). 

LC Latent class model. It is a logit model that, similar to the ML 

model, is capable of overcoming the limitations of the MNL model 

but uses a discrete clustering representation.  

IIA A restriction that refers to the probability of choosing an alternative 

from a choice set as being independent of irrelevant alternatives 

that could have been introduced to the same choice set.  

IID Refers to the error terms being independent and identically 

distributed.  

MFH Multifamily housing. It is used here to denote apartment buildings.  
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Chapter 1: Introduction 

A considerable number of urbanizing cities around the world, including Riyadh, Saudi 

Arabia, are facing great challenges because their growth has been marked by a substantial 

increase in auto-dependency, traffic congestion, air pollution, and urban sprawl. One strategy 

often suggested to reduce these negative effects is the integration of land-use and public 

transportation through intense residential development around transit nodes. This research 

assesses the viability of future housing development around the transit stations currently under 

construction in Riyadh, since relatively little is known about people’s preferences for this new 

residential configuration. Gaining an understanding of preferences from potential residents in 

transit-oriented developments (TODs) is important given that these developments often are 

higher in density, enforce parking restrictions, and include multiple land-use types in close 

proximity, which may not match the preferences of many. When people are mismatched with 

their preferred residential environment, their living and travel behaviors are expected to 

contribute negatively to the success of public transportation, residential satisfaction, and the 

sustainable growth of cities. 

The literature on housing preferences and satisfaction presents a plethora of residential 

preference models and methods that aim to accurately predict residential choice (for an 

overview, see Coolen, Jansen, & Goetgeluk, 2011; Dieleman & Mulder, 2002). This dissertation, 

however, uses a visual choice experiment that relies on two well-established methods by 

combining the use of (1) visual illustrations from Visual Preference Surveys™ (VPS1), which is 

grounded in built environment research and (2) choice tasks that serve as the means of data 

collection and take the form of a discrete choice experiment (DCE), which comes from 

                                                 
1 Recognized as a trademark of Arthur Nelessen Associates (Nelessen & Constantine, 1993) 
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marketing and transportation research. Only recently have researchers attempted to use visual 

choice experiments to gauge walkability and cycling preferences (e.g., Ghekiere et al., 2018; 

Hurtubia, Guevara, & Donoso, 2015; Mertens et al., 2016; Torres, Greene, & Ortúzar, 2013; Van 

Cauwenberg et al., 2016). Nonetheless, this dissertation applies more robust analytical methods 

than those used in previous similar work, and it represents the first application of a visual choice 

experiment to residential preference in TODs.  

The following sections in this chapter begin with a brief background that leads to a 

precise description of the research problem concerning residential preference for TODs. The 

research problem is then narrowed to a focused scope from which the research goals and 

objectives emerge. The research question and hypotheses are then presented. The discussion of 

the study’s significance includes a description of the various domains of knowledge to which this 

work may contribute, as well as an overview of the intended primary audience for the study. The 

chapter concludes with a description of the dissertation’s organization.   

1.1 Background  

We live in a rapidly urbanizing world. Today, more than half of the world’s population 

are urban dwellers—and this number is expected to reach 70 percent by 2050. Conventional 

urban planning practice has yielded haphazard and unplanned growth, and its ability to face 

future urban problems has been questioned by many academics, urban leaders and organizations, 

and planning professionals. It is estimated that about 70 percent of greenhouse gas emissions and 

50-80 percent of energy consumption are attributed to cities and their inhabitants. Under the 

status quo of planning practice, the environmental, social, and economic consequences that are 

anticipated to accrue over the next few decades are staggering (UN-Habitat, 2016). 
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The increasing pressure facing urbanizing cities necessitates a paradigm shift from the 

conventional planning and design practices of the 20th century. Over the past few decades, 

several urban planning and design ideas have emerged in response to the many problems of 

unplanned growth resulting from rapid urbanization. Well-established urban design approaches, 

such as Andrés Duany’s Neo-Traditional movement (later known as New Urbanism) and Peter 

Calthorpe’s Pedestrian Pocket, from which the concept of transit-oriented development arose, as 

well as newfound ideas such as the Slow City movement and Tactical Urbanism, challenge 

conventional planning practices that produce dysfunctional, resource-exhaustive, and dull built 

environments—what Kunstler (1994) refers to as the “geography of nowhere.” Although there 

are minor differences in the scope, scale, and philosophy behind these ideas, they all share the 

paramount goal of promoting alternative transit modes by integrating land use with public transit.  

Cities around the world vary in their approaches to accommodating their ever-growing 

populations while also limiting sprawl. These approaches all share one distinct feature: 

densification (Hack, 2012). Increasing density appears in all the discussions of sustainable urban 

form, such as infill development and suburban retrofitting (Dunham-Jones & Williamson, 2011), 

urban growth boundaries (Hack, 2012), and transit-oriented developments (Suzuki, Cervero, & 

Iuchi, 2013). However, increased density is not a solution in and of itself. Examples of the 

sprawl of apartment towers in China and the garden apartments in Los Angeles are often cited as 

examples that densification alone is not a panacea for urban problems. Rather, it is context-

specific and interdependent on other elements of daily human activities, particularly mobility.  

The epitome of strategic allocation of density and integration of land use with 

transportation is illustrated in the concept of transit-oriented development (TOD). The concept of 

TOD stresses the interdependence of housing, transit, and amenities in creating sustainable urban 
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forms and livable environments. TODs refer to moderate- to high-density developments that are 

mixed use and walkable within a half-mile radius of public transit nodes (Calthorpe, 1993). 

These physical attributes of TODs have been named the “3Ds,” for density of people and 

buildings, design for walkability, and diversity of land uses (Cervero & Kockelman, 1997). 

While a TOD is easily described in terms of its components, it does not have a set configuration. 

TODs interlink these attributes differently in different locations and different contexts to reach to 

the desirable density and mix of land uses—what Suzuki et al., (2013) refer to as “articulate 

density.” Calthorpe (1993) introduced guidelines for different configurations of housing, office 

and commercial space, and public space for urban and suburban TODs. Although these 

configurations are clustered within a half-mile radius of transit nodes, they are supposed to be 

strategically connected by public transportation to each other at the regional level. The concept 

of TOD is best understood as a guiding vision and a fundamental principle of urban planning and 

design that could be fully realized if it is adopted comprehensively and then implemented at 

multiple planning scales (Dittmar, Belzer, & Autler, 2004; Suzuki et al., 2013).  

Although a promising concept, the concentration of developments near public transit has 

not always been successful. This has led urban planning scholars to analyze TOD typologies 

based on their physical attributes (mainly the 3Ds). One highly cited TOD typology differentiates 

between a transit-oriented development and a transit-adjacent development (TAD). According to 

Cervero, Ferrell, and Murphy (2002), a transit-adjacent development is a “development that is 

physically near transit [but] lacks any functional connectivity to transit, whether in terms of land-

use composition, means of station access, or site design” (p. 6). In other words, TODs and TADs 

represent opposite ends on a continuum in relation to the 3Ds: whereas TODs incorporate all 

dimensions of the 3Ds, TADs do not incorporate any. Renne and Ewing (2013) found that for all 
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developments around train stations in the United States in 2010, 63 percent of them were TADs 

and only 37 percent were TODs. Along this typological dichotomy, Renne (2009) identified a 

TOD/TAD hybrid that refers to developments that incorporate at least one dimension of the 3Ds 

but do not reach the level of a TOD. 

Many cities around the world continue to introduce (or restore) public transit systems and 

adopt the TOD concept. However, it remains unclear whether current and future residents find 

living in high-density housing near transit attractive. Much of this uncertainty stems from the 

fact that planning regulations and development practices have perpetuated a specific living 

arrangement as the preferred “ideal” (i.e., single-family detached housing, minimum parking 

requirements, car dependency, single land-use zoning). Understandably, the introduction of 

TODs poses many challenges, as TODs incorporate features that deviate from this ideal 

configuration. For instance,  Laguna West, an early TOD built in California (designed by 

Calthorpe himself) suffered financially upon its commencement (Cervero & Bosselmann, 1998). 

Uncertain market viability also explains developers’ hesitation to concentrate developments near 

transit, as in the case of Blue Metro Line in Los Angeles. Most of this hesitation is explained by 

the pragmatism and conservative nature of risk-averse housing developers, the lack of enabling 

planning policies to make TODs happen  (Loukaitou-Sideris, 2010), as well as developer’s 

preconceived notion that housing in TODs serves only a narrow market segment (Cervero & 

Bosselmann, 1998; Edghill, Kroen, & Scheurer, 2009).  

Pushing back against this conservatism of urban developers and stagnant planning 

policies, a substantial body of research on TODs has emerged that focuses on the contributions 

of its physical attributes of density, diversity, and design (the 3Ds) in promoting livability and 

sustainability (Cervero & Kockelman, 1997). These research endeavors have focused on the 
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environmental attributes of TODs and their relationship to transit ridership. Little work, 

however, has been conducted on the influence of TOD attributes on housing choice, and even 

less has focused on predicting potential residents’ preferences regarding living in future TODs. 

Among this narrow body of literature, Lund (2006) found in her study on recent movers to TODs 

in California that although they rank proximity to transit as one of the top three reasons for living 

in a TOD, “it is not clear whether or not respondents brought their interest in transit with them 

when they moved into TODs or developed it afterwards” (p. 365). Additionally, Chatman (2013) 

found that residents had positive attitudes toward the 3Ds, regardless of their proximity to transit. 

Although proximity to transit showed high preference results, he concluded that high-density and 

mixed-use developments should extend beyond the half-mile radius of TODs (Chatman, 2013).  

The generalization of preference research results across multiple segments of the 

population—whether based on ethnicity, income, or other socio-demographic variables—is a 

common practice. It helps researchers aggregate research results in a meaningful way to 

understand a phenomenon and communicate these results with policymakers.  A common 

aggregation approach used in housing research is based on individual life cycle (Rossi, 1980). 

This approach, however, has been criticized for being linearly determined (Michelson, 1977; van 

Ham, 2012), and for its inaccurate generalization of housing needs for particular segments of the 

population. Reliance on this unidimensional generalization approach of preferences was argued 

to be, in addition to design-related and financial issues, a  contributing factor to the deterioration 

of public housing schemes of the 1960s and 1970s in the United States (Michelson, 1977). In 

fact, research results from socio-demographically homogeneous populations in the United States 

show that their residential preferences vary significantly (Morrow-Jones, Irwin, & Roe, 2004; 

Talen, 2001). 
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People have different preferences, and these preferences are shaped by many factors, 

including one’s stage in life, aspirations, and lifestyle. From this standpoint, a stream of 

residential preference research has focused on several clustering methodologies, often referred to 

as psychographics (Beamish, Goss, & Emmel, 2001), to describe lifestyle as a determinant of 

housing-type and locational choices. Currently, there are databases that assign lifestyles at the 

Census Tract scale across the United States, including ESRI’s tapestry segmentation of 67 

lifestyle segments. However, the lifestyle classification method is also not immune to criticism. 

Jansen (2011) provides an overview of housing research using lifestyle as the classification 

method and provides 20 lifestyle typologies used in housing research. After reviewing recent 

literature, Jansen concludes by questioning the suitability of this criterion because it changes 

more frequently than the built environment and because lifestyle explained only 5 percent of the 

variance over and above socio-economic variables in the studies she reviewed.    

Given that residential developments are expensive and last for a long period of time, it is 

of paramount importance to gain insight into preference variations to support policymaking in 

creating living environments that meet the needs of their potential dwellers. Unfortunately, 

important details seem to be lost when inferring preference through the aggregation and 

averaging over certain explanatory variables. Nevertheless, recent work on residential preference 

relies on personal attitudes toward transportation and the built environment to cluster people into 

homogeneous latent classes (lifestyles) that are determined simultaneously with housing choice. 

These studies appear to be more accurate in producing estimates that approximate real choices 

(Liao, Farber, & Ewing, 2015; Smith & Olaru, 2013; Walker & Li, 2007). As the development of 

TODs is subject to the housing market forces of supply and demand, these market forces are well 

directed if informed by accurate research results. In other words, gaining an understanding of 
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residential preferences may prove invaluable for informing the planning process of residential 

development around transit and steering it away from the “build it and they will come” approach 

of TOD enthusiasts and the “one size fits all” approach of the public sector’s technocrats.  

1.2 Problem Statement 

The city of Riyadh has been unabatedly urbanizing over the past few decades. This urban 

growth, however, has been characterized by a low-density sprawling pattern. The city has tried 

many approaches to face this problem. Among these, and probably the largest in scale, is the 

introduction of the Riyadh Metro, which is a citywide public transportation system expected to 

be fully operative in 2019. The Metro project is part of King Abdulaziz’s multimodal 

transportation plan. It aligns with the city’s comprehensive plan, which identifies five high-

density subcenters and two satellite cities and aims to direct the city’s future growth sustainably 

with a transit orientation. However, the significant attributes of TODs seem to be at variance 

with the existing and commonly assumed preferences of city residents for living in car-oriented, 

low-density, single-use, single-family detached houses. Conclusions about people’s expected 

attitudes toward future TOD living should not be made from preconceived assumptions on 

residential preference without concrete evidence. Research on this subject matter is of great 

importance, as little is known about the viability of this relatively new housing typology.   

High-density housing should not be developed without insight into how people will 

respond to such developments and, more importantly, whether future residents will actively 

choose to live in TODs. Therefore, this research seeks to answer the following question: To what 

extent do the significant urban design attributes of TODs contribute to residents’ choices to live 

in a TOD? With this general question in mind, the purpose of this research is to explain the 

relationship between TOD attributes and residential preference.  This, in turn, may further our 
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understanding of the extent to which TODs influence the viability of high-density housing for 

Riyadh residents.  

1.3 Research Goals and Objectives 

This dissertation aims to achieve two goals: (1) to investigate the viability of TODs as a 

housing configuration in Riyadh, Saudi Arabia, and (2) to extend the application of visual 

preference research further into the domain of robust empirical observation. These goals are 

addressed through several objectives: 

1- Eliciting preferences for significant urban design attributes of TODs. 

2- Examining the relationship between personal attitudes and housing choice. 

3- Determining if heterogeneity exists among a seemingly homogeneous population and 

uncovering its sources.  

4- Using photographs to elicit residential preference following a stated preference 

framework. 

1.4 Research Question and Hypotheses 

The broad question investigated in this research is as follows: To what extent do the 

urban design attributes of TODs influence residential preference to live in a TOD? To answer 

this question, several null hypotheses were developed. The null hypothesis represents the test 

hypothesis used to answer the primary research question. Presenting null hypotheses rather than 

alternative hypotheses allows the direction of the relationship to be inductively derived a 

posteriori (Creswell, 2014). 

Null Hypothesis 1: There is no significant difference in overall preference between low-density 

and high-density housing.  
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Null Hypothesis 2: There is no significant difference in overall preference between single land-

use and mixed land-use neighborhoods. 

Null Hypothesis 3: There is no significant difference in overall preference between walkable and 

non-walkable neighborhoods. 

 Null Hypothesis 4: There is no significant difference in overall preference between the presence 

and absence of public parks.  

Null Hypothesis 5: There is no significant difference in overall preference between the presence 

and absence of public transit. 

Null Hypothesis 6: There are no significant differences between different socio-demographic 

groups in their preference for TOD attributes.  

Null Hypothesis 7: There are no significant differences between different socio-demographic 

groups in their attitudes toward and proximity preference for TOD features.  

Several studies have demonstrated conflicting results in residential preference in terms of 

the reasons to choose to live in a TOD. One area of confusion stems from the fact that most 

research in this area is derived from people after they have moved to a TOD. It is not possible to 

determine if these individuals chose to live in a TOD because it best suited their pre-existing 

travel mode preference (Kamruzzaman, Baker, Washington, & Turrell, 2013), or if they 

developed this transit mode preference after moving into a TOD (Lund, 2006). Current research 

results, however, point to the importance of attitudes and lifestyle as inclusive and informative 

characteristics through which heterogeneity and housing-preference taste variations can be 

understood (Walker & Li, 2007). This leads to the following additional hypotheses: 

Null Hypothesis 8: There exists no significant taste variation in people’s overall preference for 

TOD attributes. 
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Null Hypothesis 9: People’s lifestyles have no additional explanatory power regarding preference 

differences for TOD attributes.  

1.5 Research Scope 

Significant transit-oriented development attributes will be traded off in a quasi-

experimental research design to elicit preference through choice. Housing preference and choice 

are multifaceted processes that entail subjective, objective, personal, and temporal factors that 

cannot be captured in one research endeavor. Therefore, this dissertation limits its scope to the 

objective impact of extrinsic factors of the residential environment and focuses on the least-

preferred housing type—multi-family housing. The rationale for using only multi-family housing 

(MFH) in this research is as follows: (1) MFH usually forms the first ring of housing 

developments in many TODs; (2) MFH is the antithesis of the ideal single-family detached 

house; (3) MFH can trigger a variety of perceived density levels simply by manipulating building 

height, which is useful for the purpose of this research; and (4) focusing on only one type of 

housing will reduce the chance of obtaining biased estimates on MFH because of the presence of 

a dominant alternative (i.e., the single-family detached or attached housing, which shows 

significantly higher ratings in most studies).   

 This research will build on, and extend, previous studies that used visual surveys to 

assess preference for TOD attributes (i.e., Shaw, 1994; Cervero & Bosselmann, 1998) by 

overcoming their shortcomings. These studies used photomanipulations of different development 

scenarios to elicit residents’ attitudes regarding density. However, their experiments suffered 

from methodological limitations. Furthermore, existing methods commonly used by architects, 

landscape architects, and urban planners to assess preference (i.e., Visual Preference Surveys; 

VPS™) are of little use in quantifying the contribution of each attribute on residential choice. 
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Well-established methods to elicit preference through choice, as found in other fields of inquiry, 

have the potential to yield significant results and overcome the limitations of conventional visual 

preference surveys used by environmental design researchers. For example, robust methods to 

elicit preference for future events are found in the fields of transportation and marketing (i.e., 

discrete choice experiments; DCE). Combining the benefits of the VPS™ and DCE in a visual 

choice experiment is expected to maximize the benefits of both in eliciting preference through 

choice analysis. Such an analysis makes it possible to derive a utility model, which can then be 

used for preference prediction. This would allow investigation of different scenarios that range 

from fully implementing a TOD to single policy interventions within pre-existing conditions. 

Additionally, to tap into the segmentation of people’s preferences, this research will use a 

population that is seemingly homogeneous and test whether robust statistical models are capable 

of defining preference heterogeneity through latent lifestyle classes among the population. 

1.6 Significance and Contribution to Knowledge 

This research is expected to contribute to knowledge in two ways: as a contribution to 

urban design knowledge of TODs in a different context (i.e., Riyadh, Saudi Arabia) and as a 

methodological contribution to the growing interest in applying visual stimuli in discrete choice 

experiments. The significance of this research is best elucidated by delineating its three primary 

audiences: 

1- Urban planners and designers of TODs in Riyadh, by providing them with empirical 

evidence of people’s preferences, which will facilitate the ability to predict future choices 

based on the sample population used here. The results are expected to form a basis from 

which contemporary land-use regulations could be revisited. In addition, the method 
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could be used by these professionals to gain public input for proposed developments in 

bottom-up decision-making processes.   

2- Applied researchers, by elaborating on the use of discrete choice experiments (DCE) in 

visual preference research—a topic on which little work has been done.  

3- Future urban design researchers on TODs in Riyadh, by presenting an alternative method 

for using visual material under robust analytical methods. The results are expected to 

provide them with initial estimates that could be used in designing additional choice-

based experiments using more representative samples (the use of coefficient estimates as 

priors will be thoroughly explained in the methodology chapter). 

1.7 Dissertation Structure  

This dissertation consists of six chapters. The rest of the chapters are as follows: 

Chapter 2—Literature Review—provides a discussion of relevant research. This chapter 

has three main sections. The first section introduces the research approaches for eliciting 

preference. It distinguishes between preference in terms of what people need, want, and have as 

they relate to residential satisfaction. This is followed by a review of selected scholarly work on 

incorporating these approaches into residential preference in TOD research. The final section 

focuses on the measurement of residential preference in the literature and develops an argument 

for the suitability of visual material in discrete choice experiments for this research. 

Chapter 3—Methodology—describes the methodology used to conduct this research. This 

chapter starts by revisiting the research objectives, question, and hypotheses. It then provides a 

detailed description of the study design, including sampling and inclusion criteria, the design of 

the data collection instruments, recruitment procedures for participants, and procedures used for 

data cleaning and analysis.  
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Chapter 4—Results—reports the results of the analysis of the choice experiment and the 

survey questions that correspond to testing the research hypotheses. This section begins with a 

description of the respondents and moves on to discuss reliability tests of the choice experiment. 

The first set of outputs presents overall preference results from the visual choice experiment and 

inferential statistics on socio-demographic differences in the survey questionnaire items. The 

second set of outputs describes the testing for heterogeneity of preference, and the chapter then 

moves on to discuss sources of that heterogeneity.  

Chapter 5—Interpretation and Discussion—provides a discussion of the research 

findings and compares them with other findings from the literature. This discussion follows the 

same organization as the results chapter. The chapter ends with a predictive evaluation of 

different development scenarios of TODs based on the findings.  

Chapter 6—Conclusion—sums up the key findings of this research and suggests policy 

and research implications. The chapter ends with directions for future research as they emerge 

from the limitations of this research.  
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Chapter 2: Literature Review 

2.0 Introduction 

Achieving the research objectives, answering the research question, and testing the 

hypotheses of this research necessitate a comprehensive review of multiple aspects of scholarly 

work. Although these aspects often overlap in the literature, this chapter presents them in three 

main sections. The first section focuses on the conceptual models of residential preference 

inference, which emphasize on differentiating residential preference results, and on the 

approaches of residential preference inquiries. The second section presents the findings of 

relevant residential preference research. In this section, findings on the importance of physical 

environmental features for residential preference are distinguished by the role they serve; that is, 

by using residential preference as an explanatory variable and as a variable of interest. The final 

section presents two conventional methods that are adequate to carry out this research (i.e., the 

visual preference survey method and discrete choice experiments) but argues for the suitability 

of using a visual choice experiment, which combines the benefits of these two methods.   

2.1 Residential Preference Inference 

Residential preference has been central to many research endeavors over the past few 

decades. A widely accepted definition of “residential preference” is an evaluative measure of 

residential alternatives against one’s needs, aspirations, values, goals, and lifestyle (Beamish et 

al., 2001; Yang & O’Neill, 2014; Zwarts & Coolen, 2006). Among the many definitions of 

“preference” in the dictionary is “the power or opportunity of choosing” (Merriam-Webster, 

n.d.), which implies the process of realizing what one wants. The realization of preference in the 

process of housing consumption is believed to lead to residential satisfaction (Aragonés, 
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Francescato, & Gärling, 2002; Jansen, 2013; Zwarts & Coolen, 2006), which in turn leads to 

well-being and satisfaction with life in general (Campbell, Converse, & Rodgers, 1976).   

A closer examination of the residential preference literature reveals that although the 

concept of preference is relatively clear (i.e., relating to what a household wants), it has been 

approached and measured in a variety of ways. The role of preference in the built environment 

literature could be understood as an informed mechanism for predicting residential demand, and 

its usefulness is attributed to the degree to which it can predict residential choice. To this end, 

several models have been developed to predict residential preference. The following section aims 

to shed light on the prominent conceptual models through which residential preference is 

understood and differentiated.  

2.1.1 Conceptual Models of Residential Preference: From Life Cycle to Lifestyle 

The aim of studies on predicting residential preference is to inform planning policy 

regarding what people prefer. To increase the accuracy of preference predictions, several 

conceptual models have been developed to differentiate residential preference results. Having 

results in a generalizable and easy-to-understand format helps planners tailor residential 

environments to meet the needs of prospective residents. Among the most prominent conceptual 

models, two stand out in the residential preference literature: the life-cycle model and the 

lifestyle model.  

The life-cycle model was proposed by Rossi ([1955] 1980) in his seminal work Why 

Families Move, which explains patterns of residential mobility. This model links housing needs 

and preference changes (expressed as dissatisfaction with the current environment) with the 

changes of nuclear family formation to explain residential consumption behavior. It is based on 

the assumption that individuals go through phases of growth and decline in their lives that are 
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explained by, among other socio-economic factors, the age and size of their households. These 

life cycles start with the formation of a family through marriage and continue through the birth of 

the first child, the moving out of grown children, and the loss of a spouse. As families go through 

each stage of the cycle, the model predicts that residential needs and preferences for more or less 

space and a particular residential configuration will change. When the current residential 

environment lacks the ability to satisfy the emerging needs, the life-cycle model predicts 

household mobility and the choice of a more suitable residential environment (Rossi, 1980).  

The life-cycle model is capable of predicting housing needs and preferences; however, it 

has been criticized for its limitations in accounting for societal changes. The main critique of the 

life-cycle model pertains to its deterministic nature and unidimensional view of the household 

formation process (Jansen, Coolen, & Goetgeluk, 2011; van Ham, 2012). This unidimensional 

and oversimplified view of people’s preferences, for instance, was blamed for the failure of 

public housing projects in the United States during the 1970s, which viewed a particular segment 

of the population as having the same housing needs (Amérigo, 2002; Michelson, 1977). 

Additionally, changes in family formation from the 1950s onward, particularly in the West, in 

terms of family size, single parenthood, childless households by choice, and cohabitation, are all 

examples of instances that require additional information and an alternative approach to 

modeling households’ preferences (Aero, 2006; Jansen, 2011). Even in research conducted on a 

seemingly homogeneous population of White, affluent suburb dwellers, results have shown that 

some of them demonstrated preferences for features of urban living (Morrow-Jones et al., 2004; 

Talen, 2001). Given that people are idiosyncratic, their preferences should be viewed multi-

dimensionally (Michelson, 1977). This has led many researchers to incorporate lifestyle as an 

additional explanatory variable, in tandem with socio-demographic and socio-economic 
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variables, to predict residential preference and choice. As Jansen (2011) puts it, lifestyle is used 

“to ‘put in the human factor,’ to enrich or to ‘put flesh on the bare statistical bones’ of the 

segmentation based on socio-demographic variables alone” (p. 178). 

The use of lifestyle in residential preference literature dates back to the 1960s to describe 

the choice of living in the newly constructed suburbs (Michelson, 1977). These suburbs were 

attracting people who “self-selected” to live in these areas (Bell, 1968) and who also shared a 

particular way of life (Michelson, 1977). Both “way of life” and “life patterns” are terms 

Rapoport uses to analyze and understand the formation of housing-form vernacular (Rapoport, 

1969). According to Beamish et al. (2001), an individual’s lifestyle as it relates to residential 

choice is not about the design of the dwelling or the type of furniture, which is what the 

common, everyday use of the word might imply. Rather, lifestyle in this sense means an 

“individual’s whole way of living” (Beamish et al., 2001, p. 3), an overarching concept that 

cannot be disentangled into single components (Rapoport, 2005). Residential lifestyle “should be 

considered a higher-level concept” (Michelson, 1977, p. 27) that not only incorporates classical 

individual characteristics but also “transcends them” (Harrison & Davies, 1998, p. 5).  

Several models have been developed since then to empirically incorporate lifestyle. For 

example, Beamish et al. (2001) developed a lifestyle framework in which lifestyle is a factor of 

household type (life cycle), social class (income and education levels), and housing values 

(personal, familial, and social values). In their model, lifestyle serves as an intervening variable 

in explaining preference and is moderated by housing norms in a particular context. Jansen 

(2011) performed a literature review on the lifestyle method in housing preference and found that 

there are 40 general lifestyle typologies, and 20 are specific to the domain of housing choice. 

Additionally, ESRI provides 67 lifestyle segments, called psychographics, to segment the United 
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States at the Census Tract level based on lifestyle labels (this is useful for realtors and developers 

conducting feasibility analyses for new developments). These lifestyles are based on locational 

setting, employment type, education level, economic level, social status, and age (Brett & 

Schmitz, 2009). 

Although the concept of lifestyle provides added value in understanding residential 

preference and choice, its all-encompassing nature, as it is currently used, poses some problems. 

Jansen (2011) raises doubts about the use of the lifestyle construct in housing preference research 

in relation to the lack of consensus on its definition, its measurement, its influence on housing 

development, and its changing nature when compared to the duration of the physical 

environment. Because people are idiosyncratic, there could be as many lifestyles as there are 

people (Michelson, 1977). This has led Jansen (2011) to view the use of lifestyle as only suitable 

for extraordinary types of developments, such as senior housing or developments with a unique 

architectural style. These issues raise doubts about the use of the lifestyle construct and its 

contribution to our understanding of residential preference.  

Despite the problems associated with using lifestyle as a construct in predicting 

residential preference, a great deal of research results have illustrated a good use for it. A line of 

research on the same topic as the present research was conducted for residential choice and 

preference for transit-oriented developments (Schwanen & Mokhtarian, 2004, 2005). It 

incorporated residential and transit attitudes as indicators of lifestyle to segment participants into 

homogeneous clusters. Schwanen and Mokhtarian (2004) defined six lifestyle-related factors that 

were used to determine the mismatch between people’s current and preferred residential 

locations: pro-high density, pro-environmental policy, commute benefit, travel freedom, travel 

dislike, and travel stress. In subsequent research, Schwanen and Mokhtarian (2005) used four 
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lifestyle indicators: status seeker, workaholic, family/community-oriented, and frustration; and 

six attitudinal factors: travel dislike, pro-environmental policy, commute benefit, travel freedom, 

pro-high density, and travel stress. Although only a few indicators showed significant results, 

Schwanen and Mokhtarian’s two-step segmentation procedure did not allow for the possibility of 

a participant belonging to a class other than the one prespecified by those factors (i.e., inelastic 

clustering of either belonging to a class or not, which implies the absence of estimation error for 

lifestyle indicators; Hensher, Rose, and Green, 2015). Recently, an alternative incorporation of 

lifestyle in preference research is performed in one-step. In this line of research, lifestyle 

indicators are used to probabilistically segment people into different latent classes, with 

membership in a class determined with a probability function by simultaneously considering 

individual characteristics, lifestyle indicators, and choices. Recent applications of this line of 

research include the use of latent class analysis (Dunham-Jones & Williamson, 2011; Liao et al., 

2015; Olaru, Smith, & Taplin, 2011; Walker & Li, 2007), which will be discussed in detail later 

in this chapter.    

 

2.1.2 Residential Preference Approaches: What People Have vs. What People Want 

The second distinction in residential preference inference relates to the measurement 

approach, differentiating between what people have, need, and want. Measuring residential 

preference by focusing on what people have seeks to gain insight into preferences indirectly 

through evaluation of people’s current satisfaction with their residential environment. Residential 

satisfaction research is mainly concerned with residential congruence—identifying mismatches 

between people and their current residential environment. It is an evaluation of the gap between 
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one’s ideal residential environment and one’s current environment (Amérigo, 2002). In that 

sense, it is a post-occupancy evaluation of an experienced environment.  

 Residential satisfaction started as an evaluative tool for public housing projects. Early 

research on public housing projects and their residents was carried out with an a priori 

assumption about the positive improvements these projects brought in comparison to the slums 

they replaced. The reality of living in public housing, however, did not match this assumption, 

and residential satisfaction research emerged to provide research-backed information on the 

status of these projects and their residents (Francescato, 2002). It gave a voice to people “who 

could not express their preferences, choices, and expectations by availing themselves of the 

demand-and-supply mechanisms of the market” (Francescato, 2002, p. 16). Residential 

satisfaction results allow policy makers to understand resident  preferences (Ermuth, 1974).   

Residential satisfaction research can be understood in this regard as fitting into two 

domains: (1) satisfaction as a predictor of quality of life, with the goal of predicting factors that 

contribute to increasing residential satisfaction to guide planning policies; and (2) residential 

satisfaction as a predictor of residential behaviors, to predict factors that contribute to reduced 

residential satisfaction and explain residential mobility, physical modification of the residential 

environment, and cognitive modification of one’s aspirations (Amérigo, 2002; Potter & 

Cantarero, 2006). Amérigo (2002) argues that satisfaction is a function of pleasure resulting from 

one’s interaction with one’s house, neighborhood, and neighbors. Gärling and Friman (2002) 

assert that housing satisfaction is an evaluative index that measures the success of housing 

choice. People who realize their preferences are expected to show high satisfaction and vice 

versa. A satisfaction rating in this sense is viewed as “the emotional response to the dwelling, the 
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positive or negative feeling that the occupants have for where they live” (Weidemann & 

Anderson, 1985, p. 156).  

Inferring residential preference from measures of satisfaction also has a few limitations. 

As shown in Figure 2.1-1, it appears that basic residential needs, as viewed from the perspective 

of Maslow’s hierarchy of human needs (Beamish et al., 2001; Ermuth, 1974; van Ham, 2012), 

could interfere with drawing accurate inference on haves or wants. Amérigo (2002) points to the 

difficulties of measuring residential satisfaction in light of cognitive dissonance theory 

(Festinger, 1957) and adaptation level theory (Helson, 1964). In cognitive dissonance theory, 

people are motivated to reduce sources of dissatisfaction and react to unsatisfactory residential 

environments with cognitive mechanisms that reduce their dissonance, or they react behaviorally 

by reducing or removing the source of dissonance. Adaptation level theory postulates that 

people’s satisfaction with their residential environment depends on their recency of experience. 

With time, the theory postulates, people will adjust their aspirations to conform to their 

residential environment (Amérigo, 2002). In her article “Why Housing is Always Satisfactory,” 

Jansen (2013) demonstrates that those who do not have the means to move (i.e., the predicted 

behavioral response to housing dissatisfaction) show high satisfaction levels. She argued that the 

cognitive structuring between what people need, have, and want induces people to lower their 

aspirations, thus responding in terms of “What I have is fine; I don’t need much” (p. 370). 

Additionally, satisfaction results are at risk of what is termed the Pollyanna Hypothesis (Boucher 

& Osgood, 1969), which refers to the tendency of people from different cultural backgrounds, or 

subcultures within the same region, to be overly positive in their satisfaction ratings 

(Francescato, 2002, p.18).  
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Another approach in residential preference research focuses on eliciting preferences by 

focusing on what people want. According to Rapoport (2005), people’s wants are more 

associated with forming housing preference than are needs. The evaluation of wants, however, 

could be differentiated as a subjective evaluation, objective evaluation, or aspiration-level 

evaluation of one’s ideal house (Priemus, 1984, as cited in Jansen, Coolen, & Goetgeluk, 2011).  

The primary difference between these three types of evaluation is based on who makes the 

evaluation and whether it is bounded by any constraints that would make acquiring the preferred 

housing unfeasible. Subjective evaluations refer to an individual’s evaluation of preference for 

an ideal dwelling without any constraints on the evaluation. Their evaluation is an expression of 

preference regardless of economic constraints or availability of their ideal in the market. An 

example of this would be the open-ended question, “What type of housing do you prefer,” 

knowing that the majority of answers would inevitably refer to the ideal housing type in that 

Figure 2.1-1  Possible misleading residential preference inference if gained indirectly through 

residential satisfaction evaluation. 



24 

 

particular context. Objective evaluations, on the other hand, refer to planning experts’ 

evaluations of housing alternatives that they believe correspond to people’s preferences and 

constraints. Lastly, aspiration-level evaluations are similar to subjective evaluations but are 

grounded in reality in that they are bounded by housing availability in the market (Jansen, 

Coolen, & Goetgeluk, 2011). 

These aspiration-level evaluations can be understood as fitting into two main domains: 

revealed preference and stated preference (Coolen et al., 2011; Louviere, Hensher, & Swait, 

2000; Molin, 1999). Revealed preference focuses on understanding people’s housing 

consumption in the housing marketplace. Its economic orientation leads to a narrow focus on 

people’s willingness to pay for different housing attributes and different housing types in 

different locations. The value of a house as observed in the marketplace is translated to the part-

worth importance of housing features, thus reflecting preference. This type of housing research 

ranges from being descriptive of the decisions made by households to more robust hedonic price 

models. Molin (1999) notes that the shortcomings of the revealed preference method stem from 

its observational nature of being dependent on housing provided in the context studied. This 

limitation hinders the ability to generalize any findings to include different housing types or 

settings other than those provided within the marketplace.  

Stated preference, on the other hand, relies on people’s input in eliciting housing 

preference. Stated preference results range from a general understanding of people’s overall 

opinions to a more specific focus on the part-worth importance of specific housing features and 

attributes. Contrary to revealed preference, the added benefit of stated preference is the 

possibility to include a variety of housing alternatives, designs, and contexts that are not 

necessarily available in the market. Presenting a variety of housing alternatives, whether 
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hypothetical or actual planned future developments, allows researchers to elicit preferences 

through people’s reactions to these alternatives (Louviere et al., 2000; Molin, 2011). 

Stated preference as it is empirically investigated falls under two distinct theoretical 

assumptions, which in turn influence the methods used under each. The first approach measures 

preference by assessing people’s attitudes, and the second approach entails preference evaluation 

as the desirability of potential future residential environments (Yang & O’Neill, 2014). 

Respondents who participate in housing preference studies react differently to questions formed 

using these two approaches. Preference assessment uses unconstrained attitudinal measures to 

render overall levels of attractiveness (Jansen, Coolen, et al., 2011). In this line of research, a 

respondent reacts as a voter (Lewis & Baldassare, 2010), or as environmental psychologists call 

it, the reasonable person (Kaplan & Kaplan, 1989). On the other hand, preference evaluation 

entails quantifying the factors that contribute to preference, which could range from 

straightforward paired comparison tasks (e.g., Ewing, 2001; Lewis & Baldassare, 2010) to more 

sophisticated choice experiments (e.g., Molin, 1999; Tian, Ewing, & Greene, 2015). In these 

evaluative tasks, a respondent reacts as a consumer (Lewis & Baldassare, 2010), or as 

psychologists and economists call it, the rational person (Slovic, 1995).  

Because expressing preference entails a decision-making process, the rational person is 

assumed to follow a maximization behavior. This maximization behavior (whether maximizing 

utility, satisfaction, comfort, well-being, etc.) has its roots in decision-making studies, 

particularly in classical economic theory of rational decision-making (Ben-Akiva & Lerman, 

1985; Gärling & Friman, 2002; Louviere, Hensher, & Swait, 2000; Rasouli & Timmermans, 

2014). Under rational decision-making, it is assumed that (1) all information is at the disposal of 

the decision maker, (2) the decision maker is aware of the different outcomes of each alternative, 
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and (3) the decision maker will inevitably choose the alternative that yields the highest utility 

outcome. Even in cases where the outcome is uncertain, the expected utility gain will still guide 

decision-making (Slovic, 1995). 

 Rational decision-making behavior has been the subject of critique within different fields 

of inquiry, which has yielded alternative models, such as Simon’s (1955, 1956) bounded 

rationality and concept of “satisficing” in economics (cited in Slovic, 1995), the urban planning 

concept of “Incrementalism” (Lindblom, 1959), and the environmental psychology concept of 

“the model of the reasonable person” (Kaplan & Kaplan, 1982, 1989). The model of the 

“reasonable person” set forth by Kaplan and Kaplan (1982, 1989) criticizes the “rational person” 

assumption of the economic theory of utility maximization. The Kaplans’ model is based on 

three assumptions: the critical influence of the decision-making circumstances on the outcome, 

the acknowledgment of humans’ limited capacity to process information, and the realization of 

more than one need that cannot always be traded off or capitalized (e.g., monetarily) over others. 

These components lead to the overarching goal of the reasonable person: seeking synthesis 

between multiple possible options (Kaplan & Kaplan, 1989).  

These two underlying assumptions about decision-making behavior have led to different 

methods for measuring preference, each looking at preference from a different perspective.2 The 

most common and relevant to this research are Visual Preference Surveys (VPS™)3 and discrete 

choice experiments (DCE). Both methods have been extensively used in housing preference 

research for different purposes. These two methods are differentiated in terms of the housing 

                                                 
2
 Interested readers should refer to Jansen, Coolen, and Goetgeluk (2011) for a thorough description of a variety of 

stated preference research methods, especially the residential image method, which is considered to be between VPS 

and DCE.   

3
 Recognized as a trademark of Arthur Nelessen Associates (Nelessen & Constantine, 1993). 
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elements measured, the type of response, and the content of the data collection instrument. Like 

other methods, each has its own strengths and weaknesses, which could be ameliorated by 

combining the strengths of the two, as will be argued for in Section 2.3 of this chapter. Before 

introducing these methods, a review of the relevant literature is presented highlighting the main 

findings on residential preference in TODs.  

2.2 Residential Preference for Transit-Oriented Developments 

The underlying concern of most TOD studies relates to reducing car travel, which is seen 

as the most important measure of success (Ewing & Cervero, 2010; Suzuki et al., 2013).  As the 

efficiency of public transit is dependent on sufficient population density, it is logical to assume 

that increasing density will provide enough population to support transit. However, research in 

the TOD literature shows contradicting results. Some studies have found that environmental 

attributes do not always have a causal relationship with increasing transit ridership (Schwanen & 

Mokhtarian, 2004, 2005). Others have found that close proximity to transit stations do not 

decrease auto ownership levels (Duncan, 2010). Understanding housing preference in general is 

important for matching people with environments that meet their aspirations, values, and life 

goals. In TODs, as opposed to other housing developments, understanding housing preference is 

critical to the success of the huge investment in transit and housing, and to increasing livability 

and sustainability.  

Housing in TOD appears in the literature in two ways. First, residential preference is used 

as an explanatory variable, which among other variables, is used to measure the success of the 

TOD in terms of public transit ridership. Second, residential preference is used as the variable of 

interest and is measured using other environmental and individual-related factors. Although the 

focus of this dissertation is on the latter approach, the bi-directional relationship necessitates 



28 

 

shedding light on the two roles of residential preference, as both appear to be important in 

capturing the essence of housing preference and choice in TOD.  

2.2.1 Residential Preference as an Explanatory Variable 

Residential preference is examined as a dependent variable in terms of the degree of 

match or mismatch between one’s preferred and current residential environment on transit use 

behavior. People are identified, based on their preferred and actual residential type and location, 

as either consonant or dissonant residents. In this line of research, it is assumed that people self-

select a residential environment (both housing type and location) that suits their housing needs, 

lifestyle, and transportation mode preference (e.g., Bhat & Guo, 2007; Cao, 2015; Cervero, 2007; 

Kamruzzaman, Shatu, Hine, & Turrell, 2015; Mokhtarian & Cao, 2008). For example, people 

who prefer to use public transportation would actively choose to live in a TOD, use public transit 

more frequently, walk to transit, and have lower auto ownership levels and lower vehicle miles 

traveled than their anti-transit counterparts (Cao, 2015; Cervero, 2007; Ewing & Cervero, 2017; 

Suzuki et al., 2013).  

Although residential self-selection (RSS) is viewed as a selective residential choice that is 

guided by a preference for a particular travel mode, the contributing effect of RSS and the built 

environment on public transit use shows mixed results. Kitamura, Mokhtarian, and Laidet (1997) 

found that RSS is more important than the built environment; Bhat and Guo (2007) found that 

the built environment is more important than RSS; and Humphreys and Ahern (2017) found that 

both are equally important. Additionally, Chatman (2013) found that people in northern New 

Jersey were inclined to choose to live in high-density, mixed-use, and walkable environments 

regardless of proximity to transit. This led him to conclude that TODs should extend beyond the 

half-mile-radius rule of thumb. Similar results were found by Lund (2006), who found that two-
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thirds of her respondents in California who had moved to a TOD did not rank accessibility to 

transit as the main reason for moving; other factors, such as housing affordability and 

neighborhood quality and amenities, were among the top three reasons. She also questioned 

whether TOD residents were attracted to TODs because of their positive attitudes toward public 

transit or whether they developed transit affinity after they moved. 

Choosing a residential type and location entails making trade-offs among many factors 

that go beyond the built environment and transit attitudes, including housing prices, employment 

locations for multiple workers in the same household, children’s schools, and proximity to 

friends and family. These factors are seen as “irreconcilable objectives” (Schwanen & 

Mokhtarian, 2004, p. 782) that could cause some households to not realize their preferred 

residential environment. Other factors, such as changes in life stage and the presence of the first 

child in the household, also contribute. When the current residential environment does not match 

with what one prefers, a state of dissonance occurs (Kamruzzaman et al., 2013, 2015; Schwanen 

& Mokhtarian, 2004). Residential dissonance is a state of dissatisfaction with one’s current 

residential environment. People react to this dissonance in two ways. The obvious reaction is to 

remove the source of dissatisfaction, and if this is not feasible, an alternative is to move to a 

location that minimizes dissonance (following an RSS process). The other strategy is to 

minimize cognitive dissonance by adjusting one’s preferences to be congruent with what is 

afforded by the current residential environment (Schwanen & Mokhtarian, 2004). 

Schwanen and Mokhtarian (2005) distinguish four types of households based on their 

match or mismatch with their preference: consonant suburbanites (true suburbanites), consonant 

urbanites (true urbanites), dissonant suburbanites (mismatched suburban residents), and 

dissonant urbanites (mismatched urban residents). They found a significant relationship between 
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residential dissonance and travel mode choice. Results show that dissonant urbanites are more 

likely to travel using cars than consonant urbanites, but not as much as consonant suburbanites. 

This reflects the fact that urban residents whose preferred lifestyle is satisfied would fully utilize 

and benefit from public transit more than those whose preferred lifestyle is not satisfied. 

Interestingly, their results of travel behavior of dissonant urbanities suggest that there might be 

an effect of the built environment in the long term. Krizek (2003), however, conducted a 

longitudinal study on households who relocated within the Puget Sound region of Washington 

State to assess the relationship between urban form and travel behavior. He found that although 

housing in compact urban form had an impact on reducing commuting by car, the results did not 

show any transit mode shift. It appears that the amenities found in compact neighborhoods 

reduce the need to travel for longer distances, but those who have a positive attitude toward cars 

will still use them when commuting.  

Several studies incorporated travel attitudes to understand the travel behavior of 

dissonant residents. Transportation-based experiments in both Switzerland and the United States 

have found that people who switched to public transportation were already susceptible to 

switching (although not completely dependent on public transit) because of an already-formed 

positive attitude toward public transit use (Abou-Zeid & Ben-Akiva, 2012). However, 

Kamruzzaman, Baker, Washington, and Turrell (2013) argued that most of the research that 

emphasizes the importance of environmental attributes in adjusting dissonant residents’ 

preference uses cross-sectional data, which undermines detecting causal relationships. Therefore, 

they conducted a longitudinal study of TOD and non-TOD residents in Brisbane, Australia, from 

2009 to 2011. After controlling for socio-demographic differences and environmental 

characteristics, they did not find any evidence of a behavioral adjustment. Those who preferred 
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cars were likely to continue using their cars, regardless of their residential location. Similarly, 

Cao, Mokhtarian, and Handy (2009) reviewed 38 empirical studies to examine whether the built 

environment influenced travel behavior. After controlling for RSS, they found that there is 

sufficient evidence for the influence of the built environment; however, it is difficult to quantify 

the contribution of both in relation to each other. In a subsequent study, Kamruzzaman et al. 

(2015) differentiated the built environment characteristics among six neighborhood types that 

ranged from TOD, potential TOD, transit-adjacent development (TAD), to conventional 

suburban development. Although they did not test for dissonant residents’ travel behavior per se, 

their results show that after controlling for RSS, those who live in a TAD made travel mode 

choices similar to those who live in the suburbs. This led them to conclude that planning policies 

should focus on transforming all TADs into TODs, as the built environment greatly determines 

travel mode choice.  

2.2.2 Residential Preference as an Outcome Variable 

The focus on housing as a variable of interest in understanding people’s housing 

preference in terms of housing type, the components of the housing unit, and locational 

preferences is well-documented in the literature. Central to housing preference studies is 

understanding the changes in housing trends and the marketability of alternative housing and 

neighborhood configurations (Cervero & Bosselmann, 1994; Lewis & Baldassare, 2010; Yang & 

O’Neill, 2014). National housing preference surveys are also periodically conducted to assess 

changes in preference and acceptability of progressive housing configurations. The English 

Housing Survey in England, the American Housing Survey in the United States, and the Housing 

Demand Survey in the Netherlands are all examples of nations’ efforts to periodically capture an 

overall picture of future housing trends (Boumeester, 2011). 
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Although overall housing preference results focus on the norm, early housing preference 

survey results show that there exists a subgroup whose preferences are not aligned with the 

norm. Myers and Gearin (2001) found that there was a group of Baby Boomers (45 years old and 

older at the time) who showed a preference for high-density housing in walkable urban settings. 

They predicted that the demand for such environments would increase to 31 percent of the 

population by 2010. Even within a seemingly homogeneous population, other research results 

show that heterogeneity in housing preference appears as an anomaly. For example, Talen (2001) 

conducted a study to assess the factors related to accepting New Urbanism for a sample of 

affluent White suburbanites (n = 185) in Dallas, Texas. Her results show that there is a group, 

although small, that demonstrates an inclination to accept physical attributes of New Urbanism. 

Similarly, Audirac (1999) conducted a study to assess the degree to which people from four 

major regions in Florida (n = 558) would trade off lot size for proximity to five neighborhood 

destinations: open space and parks, shopping and retail, jobs and employment, restaurants and 

cafés, and community centers. She found that urban residents show more of an inclination to 

trade off lot size for proximity to neighborhood destinations than suburban and exurban 

residents. Overall, only 30 percent of the participants were found to be willing to trade off lot 

size for proximity to community facilities, which undermines New Urbanist proponents’ 

arguments regarding the attractiveness of such developments for the majority of people in 

Florida (Audirac, 1999). 

These previous studies, however, fall short in incorporating what appears to be a 

“preference anomaly” when drawing inferences on residential preferences for a seemingly 

homogeneous population. For example, Talen’s (2001) study employed rating tasks of 

statements related to New Urbanist developments (dependent variables) and a group of 
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statements that relate to attachment, physical planning, and socio-environmental dimensions 

(independent variables in addition to socio-economic variables). The nature of these tasks 

allowed every respondent to answer the questions as if they were independent of each other. On 

the other hand, the magnitude of the trade-off task in Audirac’s (1999) study was left for the 

respondent to determine. Her question was stated as, “If you were to move into a new residence, 

how likely would you be to live on a smaller lot if you could live within walking distance of …” 

(Audirac, 1999, p. 57). Her results show that those who live in apartments show a higher aptitude 

for trading off lot size than those in other housing types. Apartment residents’ trade-off cost is 

minimal compared to others, and they are already used to living in a higher-density environment, 

which explains this attitude. However, there was no way to determine the extent of the trade-off 

on which each respondent based his or her answers (e.g., whether a respondent, especially from a 

suburban or exurban location, considered a trade-off to be more or less than one-half or one-tenth 

of what they already have). This could dramatically alter the results. 

 Subsequent research attempted to carefully elicit residential preference through 

meaningful choice trade-offs. Marrow-Jones et al. (2004) conducted a choice experiment on a 

sample of homeowners (n = 1,551) in Franklin County, Ohio, to elicit preference for features 

related to a New Urbanist residential environment (street layout, open space, density, and 

commuting time). However, they excluded other features such as land-use mix and proximity to 

public transit. Participants were likely to be affluent, older, and more suburbanized than those in 

the region as a whole. The respondents were almost homogeneous: 90 percent White, with an 

average age of 49, a median income of $74,000, and an average of 15 years of education. Their 

results show that although the majority of respondents preferred a lower-density residential 

setting, a sub-group of respondents preferred higher density housing and a New Urbanist 
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residential configuration. For the average respondent, however, accepting New Urbanist settings 

depended on particular characteristics being viewed as an advantage over suburban living. The 

most important advantages appeared to be the presence of open space (a public park in their 

research) and a lower commuting time. Their results also corroborate Talen’s (2001) argument 

that getting people to accept compact developments requires a great amount of convincing and 

public education about the negative social and environmental consequences of sprawl.  

The accumulation of preference group anomalies in studies like these, which could not be 

explained by socio-economic characteristics, socio-demographic characteristics, and life stage 

alone, encouraged an increasing number of scholars to focus on a broader and more 

comprehensive construct: lifestyle. Preference segmentation based on lifestyle as an overarching 

explanatory factor has been recommended and used in housing preference literature (Beamish et 

al., 2001; Lee, Goss, & Beamish, 2007). Many have incorporated lifestyle in housing preference 

research to depict latent classes of the population whose preferences are not discretely 

distinguished but overlap based on life and personal values (Nijënstein, Haans, Kemperman, & 

Borgers, 2014), environmental attitudes (Lu, Southworth, Crittenden, & Dunham-Jones, 2015), 

environmental features and travel behavior (Walker & Li, 2007), and environmental qualities and 

travel attitudes (Liao et al., 2015; Olaru et al., 2011; Rid & Profeta, 2011).  

In one of the first studies to incorporate lifestyle as a means of understanding residential 

choice and preference heterogeneity, Walker and Li (2007) identified three household lifestyle 

segments among participants in a Portland, Oregon study (n = 507). These segments are (1) 

suburban and auto-oriented, (2) suburban and transit-oriented, and (3) urban and auto-oriented. 

Each of these three lifestyle segments represents a proportion of the population, thus accounting 

for variation in preference among different individuals. The approach used in their study 
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overcomes the limitation of assuming that people with similar characteristics have similar 

preferences. The researchers found that, on the one hand, the suburban auto-oriented lifestyle 

group is more likely to describe affluent, well-established families with children between 5 and 

11 years old. On the other hand, the suburban transit-oriented group is more likely to describe 

less affluent individuals and comprise both families and non-families (Walker & Li, 2007).  

A stream of additional research followed the methodology suggested by Walker and Li 

(2007) to elicit housing preferences in sprawling versus compact developments. Olaru et al. 

(2011) conducted a residential choice study to investigate residential locational choices in three 

precincts in Perth, Australia (n = 1,034) before the opening of a new rail extension. One precinct 

was long established, one followed the TOD concept, and one was best described as a TAD. 

Olaru et al. performed multiple latent class analyses and found that the best model was the one 

that incorporated socio-demographic and attitudinal variables. Their results indicate that 

residential heterogeneity exists in the population, that residential choice differs for participants 

from each precinct, and that people with similar socio-demographic characteristics have different 

preferences. Smith and Olaru (2013) used the same data but clustered socio-demographics and 

socio-economic variables to define life cycle clusters. Using six life cycle clusters, they found 

that although life cycle clusters are important in defining different preferences, preference 

segmentation based on lifestyle provides more explanatory power than life cycle. In their 

findings, four lifestyle classes emerged: price/cost sensitive, space/isolation seekers, 

dwelling/school focused, and low-density/accessibility sensitive. Heterogeneity in residential 

preference was further described by the association found between the six life cycle variables 

with the four lifestyle classes.    
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Conducting residential preference research using choice tasks has also been done by 

national organizations. For example, the National Association of Realtors (NAR) conducted a 

national community and transportation preference survey in the United States in 2015 that shows 

that 60 percent of Millennials (age 18–34) prefer to live in neighborhoods with close proximity 

to shops, restaurants, and amenities. They also prefer to reduce their reliance on car commuting 

(NAR, 2017).  This and other datasets are accessible for researchers to perform further analysis. 

Lu et al. (2015) used the 2011 community preference survey collected by the NAR in their study 

of preferences for smart growth neighborhoods. They identified four attitudinal components 

among adult Americans: (1) pro-diverse neighborhoods, (2) pro-sprawl and large lots, (3) pro-

accessibility, and (4) pro-privacy. These attitudinal components were directly included in the 

model as items identifying four latent classes: (1) likely sprawling, (2) likely compact, (3) 

potentially sprawling, and (4) potentially compact. These classes are differentiated based on 

estimates of lot size and design, proximity to transit, and commuting time to work. Liao et al. 

(2015) on the other hand, used attitudinal questions as covariates, similar to Smith and Olaru 

(2013), in their study on residential preference for compact developments in four counties in the 

Wasatch Front region of Utah (n = 1,053). Their data collection for the study was part of the 

Utah household survey administered by the state’s Department of Transportation. They found 

that overall, 40 percent of participants preferred compact and transit-friendly residential 

environments, but these preferences varied across two groups: (1) pro-sprawl and low 

accessibility and (2) pro-compact and high accessibility.  

The extent to which residential preference for TODs is important relates to its 

contribution to the success of planning efforts and huge transit infrastructure investments that 

promote sustainable living conditions. De Vos, Van Acker, and Witlox (2014) present a typology 
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of the anticipated risks that may arise from not considering the multiplicity of residential 

preferences and the effects of residential dissonance in TODs. Their typology classifies the 

impact of TOD planning initiatives based on the initial locational conditions of these 

developments, as follows: 

1.  New TODs refers to new neighborhoods and developments that are developed from 

scratch on transit line extensions. These developments are assumed to have the least amount of 

dissonance in terms of transit-related behavior because residents who are inclined toward public 

transit are expected to self-select a transit-served environment. However, dissonance from other 

household aspects (such as affordability, accessibility, distance to work) might occur. 

2.  High-density TODs refer to constructing transit lines in an already high-density, 

diverse built area. People who have already self-selected to live in these areas might experience 

dissonance because of the many restrictions on auto usage that are commonly associated with 

TODs. It is expected that those who prefer using their cars are most likely to move to another 

living environment to achieve their commuting preference and will be replaced with a population 

that self-selects the transit-supported environment. Those who decide to stay will most likely 

adjust their transit mode with time. 

3.  Low-density TODs refers to not only establishing a transit line in a low-density area 

but also manipulating the built environment by increasing density. This typology is expected to 

be the most troublesome, and it is expected that a high level of dissonance will occur. It is also 

expected that those who prefer using their cars will move to other car-oriented environments to 

realize their transit mode preferences and will be replaced with a population that prefers a transit-

supported environment. However, those who do not move will most likely refuse to utilize 
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alternative modes of transit and will continue using their cars as if public transit is not present. A 

transit mode shift will take an extremely long time to be realized (De Vos et al., 2014). 

2.3 Two Competing Stated Preference Methods 

The discussion above highlights the approaches and conceptual frameworks for 

measuring preference and sheds light on the current state of scholarly work in eliciting 

residential preferences for the built environment’s physical attributes. Because this dissertation’s 

focus is on measuring residential preference for a new residential typology (as highlighted in 

Chapter 1), and in accordance with achieving its research objectives, answering its research 

question, and testing its hypotheses, two preference methods appear to be independently 

sufficient. This section presents these two methods (i.e., the visual preference survey and discrete 

choice experiments) separately and highlights the potential of combining them into a visual 

choice experiment. The use of visual choice experiments is relatively recent, and only a handful 

of scholarly works have been conducted using this method.    

2.3.1 Visual Preference Evaluation and Assessment 

Photos and images have been used for a long time by architects and planners to obtain 

laypeople’s feedback on proposed designs. Researchers are accustomed to using visual materials 

to measure people’s preferences in the fields of landscape architecture, urban design, and urban 

planning (Al-Kodmany, 1999). The visual preference survey (VPS™) consists of a collection of 

images that are presented to participants to obtain their responses on attractiveness, acceptability, 

and/or viability. Kaplan and Kaplan (1989) indicate that although this method might look 

oversimplified, its strength lies in the careful selection of the visual material presented to 

respondents. People’s responses are usually scored on a Likert-type scale that varies between 

“least preferred” and “highly preferred.” Responses are then analyzed in different ways. The 
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simplest analysis method is to rank the photos in order of scene preference scores (Kaplan & 

Kaplan, 1989) or using descriptive statistics of mean average ratings and standard deviation 

(Balula, 2010). Robust analytical methods, such as factor analysis, could also be applied to yield 

more inference regarding preference (Kaplan & Kaplan, 1989).   

The use of VPS™ to obtain preference feedback is suitable in certain circumstances, 

including visual assessment and visual evaluation (Bailey, Grossardt, & Pride-Wells, 2007). It 

can also elicit preference judgments from diverse populations to reach consensus. This is where 

most visual preference surveys are successful.. Visual evaluations, on the other hand, construct 

images based on a specific criterion to elicit preference. Some research has used visual 

evaluations based on photo components (Ewing, 2001), computer-generated simulations 

(Cervero & Bosselmann, 1998), or photo manipulations (Shaw, 1994).  

The VPS™ is powerful in its ability to use visual materials to gain insight into people’s 

attitudes, given that many would argue that a photo conveys more information than can be 

described verbally. However, given the nature of images, it is not possible to accurately 

discriminate among the components of an image, because the attributes constituting the images 

are not constructed systematically. Although the researcher tries to maintain similarities across 

photos (in terms of brightness, angle of shot, coherence of scene, etc.), there are still uncontrolled 

correlations in the real environments that might rise to the level of multicollinearity (Nasar, 

1983).  Gaber and Gaber (2004) argue that for visual research to be recognized as a rich and 

valid data source, components of visual materials should be quantifiable and identifiable, thus 

implying that a systematic structuring of attributes in a photo to increase their validity is 

necessary. 
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Some researchers have tried to push the boundaries of photos in preference research in 

order to overcome the unintended details in the photos. The most relevant among this research is 

the work of Shaw (1994) and Cervero and Bosselmann (1994), who imposed a greater level 

control over the content of the photos (independent variables) in their studies through 

photomontage. Shaw (1994) wanted to test the relationship between residential density and 

satisfaction in two development locations: near transit and near a highway. His study consisted 

of photo simulations of four housing types (single-family, multifamily attached, two-story 

apartment buildings, and four-story apartment buildings) on four street settings. By controlling 

architectural styles, landscaping, pedestrians, and traffic level, he wanted to measure whether 

higher density would be traded off for proximity to transit. Different housing types were photo-

simulated in four settings, which produced a total of 16 photos for evaluation. However, because 

of the limitations of his research design, he was not able to systematically manipulate more than 

two attributes because of their statistical complexity.  

Cervero and Bosselmann (1994) tried to extend the use of static photos by using more 

than one image for each development scenario. They wanted to test whether people would trade 

more density for neighborhood amenities (e.g., operationalized as coffee shops and parks). The 

developments’ densities ranged from 12 to 42 dwelling units per acre (DUA) in four housing 

types (a single-family detached unit, two single-family attached units, and multifamily condos). 

The images provided for each development were computer simulations that consisted of nine 

consecutive photos imitating a walk-through from the house to the transit station. However, the 

components of each alternative were not systematically produced, and neighborhood amenities 

simply increased relative to density.  
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Both of these studies have some shortcomings in terms of validity. First, all participants 

were allowed to rate all alternatives, regardless of their initial preference for or dislike of a 

particular housing type. Second, different housing types were under evaluation, and not 

surprisingly, the single-family house was the most preferred. Third, these studies were not able 

to separate the measure of density from housing type, and it seems that what people evaluated 

was housing type rather than density per se. Fourth, the researchers did not establish a 

relationship as to what could be traded-off for what. For example, the densities of the two single-

family attached houses studied in Cervero and Bosselmann (1998) were 24 and 36 DUA—where 

the former had no amenities and the latter did. The higher density housing scenario showed a 

higher preference rating when more amenities and a park were present. It should be noted that 

the two designs were differentiated from each other by a two-foot lot frontage (which may have 

been difficult to distinguish from the photos used) and the presence or absence of a garage 

(which might have contributed to the higher ranking of the higher density), as shown in the 

paired t-statistic of 4.40 (p value of 0.000 vs. 0.05 for other pairs). It is possible that respondents 

perceived that all attributes were the same, except that one alternative had a garage and more 

amenities, and thus that alternative was chosen frequently. 

Different reactions of respondents to different evaluations would yield different results. 

Research results that use attitude to measure preference show that people reflect preference in 

statements such as, “I like what I see” (Cervero & Bosselmann, 1998; Rapoport, 2005), even 

though they might not see the option as viable (Bailey et al., 2007; Widmar, 1984). Yang and 

O’Neill (2014) argue that people might overevaluate residential settings that they enjoy visiting 

for a short time without necessarily choosing to live there if given a choice. The use of attitude as 

the sole measure of preference raises issues of validity because individuals’ rating may not 
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reflect what a person would have chosen if the alternative was available. In that sense, several 

studies that used visual materials to describe alternative residential environments showed varying 

results before and after verbal intervention by the researchers. In cases where the researcher had 

to verbally explain the alternatives and the benefits of transit-based versus non-transit-based 

developments, the post-intervention and pre-intervention results were inconsistent. In one study, 

alternatives that were rated highly pre-intervention scored higher post-intervention, and the least 

preferred alternatives received lower ratings (Cervero & Bosselmann, 1998). In another study, 

the single-family auto-oriented environments that scored as highly preferred pre-intervention 

scored lower post-intervention (Bailey et al., 2007).  

2.3.2 Discrete Choice Experiments 

The discrete choice experiment method (DCE) is a particular form of stated preference 

method that has been widely used in housing, transportation, marketing, and consumer behavior 

research. This method measures preference by forcing respondents to make a trade-off between 

alternatives. The DCE can be viewed as an extension of the widely known conjoint analysis 

(CA) method. Conjoint analysis is a survey design and analysis method that aims at 

decomposing true preferences from carefully designed alternatives through ranking or rating 

(Segal, 1982). It is frequently used in marketing research to test people’s reactions to new 

products before they are introduced in the market. The CA method entails creating a controlled 

set of attributes of a product to form alternative profiles to be evaluated by respondents. The 

method allows the researcher to estimate the contribution of each attribute to overall preference, 

as well as use the results to model market segmentation (Molin, 2011).  

Since its inception in the 1970s, CA has been used in housing preference research at the 

urban design scale by Knight and Menchik (1976, as cited in Katoshevski & Timmermans, 2001) 
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and most recently by Rofè, Pashtan, and Hornik (2017). As preferences are stochastic, CA 

utilizes an experimental design methodology of constructing housing alternatives, which in turn 

can be checked for consistency to derive the part-worth contribution value of each attribute on 

the overall preference4 (Katoshevski & Timmermans, 2001). In this regard, CA is simple to 

perform, since it uses an OLS regression analysis, and the overall preference is linearly additive. 

However, since preference, by definition, entails the ability to choose (Merriam-Webster), CA is 

limited to ranking and rating tasks of all alternatives, and thus does not imitate real-life decision-

making, which often entails actively choosing among alternatives available in the market. 

Discrete choice experiments (DCE) (often referred to in the literature as choice-based 

conjoint analysis) elicit preference by allowing respondents to choose among alternatives 

(Louviere et al., 2000; Zwerina, 1997). The advancement of DCE was based on the work of the 

2000 Nobel Prize winner McFadden (1974, 1989, as cited in Hensher, Rose, & Greene, 2015). 

Several additional contributions using discrete choice experiments in the fields of econometrics 

and transportation have emerged since. Among the most notable is the work of Ben-Akiva and 

Lerman (1985) and Train (2003). 

The DCE method gained popularity because of its ability to disentangle the contribution 

of each attribute (part-worth utility) toward the overall preference of an individual. In doing so, 

the decision maker will have to trade off between the attributes for each alternative in a utility-

maximizing behavior (Molin, 2011). It is worth noting that “utility” in this sense does not refer 

solely to monetary value. According to Louviere et al. (2000), utility “is derived from the 

properties of things” (p. 2). It is a quantitative measure of the subjective importance of attributes 

by which an individual compares alternatives and chooses the one that is expected to maximize 

                                                 
4 In CA this is commonly done through holdout tasks, which are alternatives rated by respondents but only used to 

check if the estimates derived from other alternatives can predict people’s ratings of these holdout tasks.  
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his or her gains. Thus, it is believed that if a respondent is choosing between housing 

alternatives, the overall utility will reflect the level of congruence with his or her lifestyle. The 

studies discussed earlier in this  are all performed using DCE (e.g., Liao et al., 2015; Lu et al., 

2015; Smith & Olaru, 2013; Walker & Li, 2007). 

2.3.3 The Potential for Visual Choice Experiments in Residential Preference Research 

DCE has been widely applied in housing research as a means to user-centered design. 

However, the majority of its applications in the literature suffer from a few limitations. Many of 

the housing studies using DCE focus heavily on intrinsic housing attributes such as number of 

bedrooms, size of living room, parking space location, and price of unit  (Molin, Oppewal, & 

Timmermans, 1996; Timmermans & Van Noortwijk, 1995), with little to no attention to extrinsic 

urban design attributes. An equally important note on the current application of DCE in housing 

research is that it uses textual descriptions to depict housing attributes. When an attribute is 

difficult to depict, an image or a sketch will be included along with the textual descriptions of 

other attributes. The use of textual descriptions for intrinsic attributes comes from the necessity 

of describing many attributes in order to form a complete choice profile. It would be impractical 

to visually display all the aspects of a dwelling unless one is using a walkthrough virtual reality 

medium. The use of virtual reality might raise practical difficulties in data collection and in 

designing alternatives.5 Orzechowski (2004) used virtual reality to elicit housing preference. His 

research involved designing software that allowed people to not only choose among housing 

                                                 
5
 The number of alternative profiles increases exponentially with the increase in attributes. Although fractional 

factorial design could be used to reduce the number of alternatives, the time spent on producing several high-quality 

walkthrough renderings is exhaustive, as many architects and urban designers already know. Another issue is that 

photos do not depict scale. The size of a room, for example, cannot be correctly represented unless furniture is 

present to give the photo a sense of scale. The presence of furniture will provide another challenge in terms of 

personal taste bias caused by the furniture design and the colors and types of finishes.  This might not be practical if 

the study is run in the early stages of the design process.  
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designs but also interact with the design and modify it based on their needs. However, at the 

urban design scale, people more often choose to live in an environment than to design it one-to-

one (Rapoport, 2005).  

A one-to-one preference elicitation approach at the urban design scale was conducted by 

Alzahrani (2015) via interactive sketching interviews. However, as user-centered design implies, 

the urban design scale involves multiple users whose preferences are different from each other. 

According to Katoshevski and Timmermans (2001), one-to-one preference elicitation through 

user interaction is not suitable at the urban design scale. They argue that sources of information 

in the urban design context are captured indirectly through sampling. As the potential users in an 

urban context are unknown, or better described as diverse, preference is best understood 

empirically from a subset of the population that can be generalized to those who will eventually 

live in that environment. Katoshevski and Timmermans’s discussion, however, refers to 

decisions made in the early stages of the design process. At the same time, they argue against 

direct inquiries about preference because of the stochastic nature of preference responses. 

Stochasticity (variation) is a challenge that can only be tested for reliability and validity with 

robust empirical methodologies. These challenges at the urban design scale support the use of 

DCE as an empirical methodology in the design process by eliciting preference for significant 

attributes.  

2.3.4 Using Text vs. Photos in DCE 

There has been a debate among DCE scholar–practitioners on the presentation style of 

choice experiments. The original DCE that emerged from conjoint analysis relied on textual 

descriptions of the attributes and their levels. Since urban design concepts are somewhat difficult 

to communicate with laypeople while maintaining a high level of measurement control, few 
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studies have compared the difference between using only text and including visual material in 

DCEs (Jansen, Boumeester, Coolen, Goetgeluk, & Molin, 2009; Orzechowski, Arentze, Borgers, 

& Timmermans, 2005; Patterson, Darbani, Rezaei, Zacharias, & Yazdizadeh, 2017).  

 Orzechowski et al. (2005) conducted an experiment to compare a text-only DCE (n = 35) 

with a photo-only DCE (n = 29). Photos were presented to participants as a virtual reality 

consisting of a 3D model with no sophisticated details or realistic colors or textures. They found 

no statistically significant difference between using text or photos in terms of validity, but using 

photos resulted in more reliable results (as expressed in lower standard errors). As price was the 

only attribute that was presented textually in the photo version of the study, it was shown that 

price was accurately estimated in the text. This result should be understood in terms of 

inconsistent results when including photos, as it is assumed that photos might have a stronger 

influence on choice making, resulting in participants disregarding price when the visually 

represented option is appealing.  

Jansen et al. (2009) conducted a pilot study to compare the text-only DCE with the 

inclusion of images in different formats. Their study consisted of two pilot experiments. The first 

experiment contained text only, text with black and white images, and text with color images (n 

= 28). The second experiment consisted of text with images presented to respondents (n = 58) 

and text with images that were only shown when a respondent clicked on a request button (n = 

59). In their first pilot experiment, they found that architectural style had a statistically 

significant impact only when it was presented visually. They also found that unsystematically 

controlled features in the images caused different effects on preference. In their second pilot 

experiment, they found that contrary to expectation, a townhouse was preferred over a semi-

detached house even after using three photos to depict an attribute level. Instead of 
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recommending the inclusion of systematically controlled images (through realistic photo 

manipulation), the authors suggested using a collage of images (when needed) to distort any 

unsystematically controlled features in the images or using sketches or artistic illustrations that 

emphasize the attribute itself and disregard unwanted details. This suggestion is in line with 

previous research results on visual preference surveys (Nassar, 1983).  

Patterson et al. (2017) also conducted a study to compare the results of a text-only 

experiment (n = 184) with a text and photo experiment (n = 184). In their study, photos were 

used as part of a virtual reality in which participants could navigate the neighborhood.  Choice 

sets with images from that neighborhood and a supporting text were then presented in choice 

tasks. They found that the results of the two experiments did not have a statistically significant 

difference. They concluded that this insignificant difference was due to the presentation style of 

the virtual reality, which was too far from realistic to trigger emotional affection for different 

housing environments. However, they suggested that having text with photos would concentrate 

respondents’ focus to process both the text and photos.  

In all these studies, it is noticeable that the level of representation in the visual stimuli is 

far from realistic. Although advances in visual rendering and photo-editing tools could have 

improved the quality of the photos used, it is the researcher’s assumption that the previous 

studies opted to simplify the visual quality of their visual reality medium because of time 

constraints. High-quality virtual reality rendering consumes hundreds of hours and would need 

powerful computers for participants to navigate and explore it. This is not feasible for most 

housing researchers. An alternative solution is to use stagnant, manipulated photos of a realistic 

quality. To the best of the researcher’s knowledge, only a few recent studies have used the visual 

choice method in the domain of urban design, and they focused mostly on cycling preferences 
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among older Flemish adults (Mertens et al., 2016, 2016, 2014; Van Holle et al., 2014), cycling 

preferences among Flemish children (using the same photos) (Ghekiere et al., 2018, 2015), 

walking for older Flemish adults (Cauwenberg et al., 2014), and the use of multinomial logit 

only to elicit preference for neighborhood attributes in central locations in Santiago, Chile 

(Torres et al., 2013). 

2.3.5 A Note on Willingness to Pay 

Acknowledging that DCE is borrowed from the econometrics, transportation, and 

marketing fields, the price of consumption of goods and services is considered a major attribute 

through which preference is interpreted. Price is used to derive estimates on people’s willingness 

to pay (WTP) for certain attributes—the value people are willing to pay for a unit increase in an 

attribute level. In residential preference studies; however, the decision to include “price” as an 

attribute should not be made uncritically. Choosing housing that is within one’s budget is a 

familiar concept in urban economics, as housing consumption takes the largest proportion of 

income. What is left of one’s income after housing consumption is referred to as disposable 

income. Disposable income in this sense is liable to be spent in varying amounts at different 

times. Classical applications of DCE in marketing and transportation research focus on 

disposable income. In this case, the estimation of people’s WTP for new products, transportation 

modes, entertainment, and other non-housing expenditures makes sense because people are 

actively spending disposable income on goods and services. Thus, including monetary value in a 

study of housing early in the development and with non-active housing seekers seems to shift 

preference from housing and environmental attributes to financial considerations (housing 

preference as a function of demand and market share).  
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In real estate-oriented studies, including a price makes sense. It is useful to understand 

how much people are willing to pay for an extra room, or how willing they are to trade off an 

extra room for a larger living room while keeping the price constant. These are situations that 

reflect utility in DCE in its monetary definition based on classical utility maximization theory. 

Studies that use willingness to pay in real estate contexts have been applied to housing seekers 

who are actively searching for housing. For example, Molin et al. (1996) used a DCE that 

included housing and urban design attributes in Meerhoven, Netherlands. Price was included as 

an attribute. These study participants were recruited from the sales department of the real estate 

agency for a future development. Environmental attributes such as location and the surrounding 

environment of the development were known to participants. The attributes used pertained to the 

actual development and were important to active housing seekers. In this case, it was meaningful 

to relate the manipulation of attributes to housing price because there were solid grounds to 

assume WTP and preference to oscillate.  

In one current urban planning DCE study, Tian et al. (2015) included price as an attribute 

to measure preference for smart growth principles in Salt Lake City, Utah. Their participants 

were not active housing seekers; rather, they were representative of the population of Salt Lake 

City. Surprisingly, they found that people were not attracted by lower housing prices and were 

avoiding higher prices as expected. Price was introduced in this study as a percent increase or 

decrease of the participants’ current housing costs. The results showed that people reacted to 

housing alternatives based on their current budget. This is evident in a study of housing density 

and transportation preference by Shaw (1994), who found that higher income groups were 

willing to pay more to realize their preferred housing type. He also found that response ratings 

for different housing types were significantly lower after introducing housing prices, 
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It could also be argued that providing price makes people inclined to reflect their true 

preferences through careful allocation of their dollars. However, introducing financial constraints 

into residential preference studies shifts preference from wants to needs, as introduced in the 

beginning of this chapter. When shifting the discussion to needs rather than wants through the 

inclusion of price, utility estimates will reflect housing consumption behavior from a financial 

point of view instead of an urban design point of view, which is what matters for designers and 

policymakers making decisions about the built environment. 

2.4 Summary 

This chapter has provided a comprehensive review of the literature on three aspects 

related to residential preference: conceptual models and approaches for preference inference, the 

current state of residential preference research, and two competing stated preference methods 

commonly used to elicit residential preference for new residential typologies. The three sections, 

although overlapping in current scholarly work, where presented separately to provide a better 

understanding of the current state of residential preference and its measurement. This chapter 

highlighted the importance of differentiating preference results with an overarching variable that 

can segment people into more homogeneous clusters for more accurate inference. This 

overarching variable (i.e., lifestyle, way of life) is better used as an attitudinal measure for a 

particular domain, such as attitudes for transit modes or for compact neighborhood living. 

Additionally, this chapter illustrated the potential of using visual choice experiments, as 

benefitting from the visual illustration from VPS™ and the analytical robustness of DCE.  

 



51 

 

Chapter 3: Research Methodology 

3.0 Introduction  

Following the discussion presented in the literature review chapter, the use of a visual 

choice experiment suits the purpose of this research well and enables achieving its objectives and 

answering the research question. This chapter presents the plan for the empirical investigation 

designed to carry out this research. It starts by revisiting the research objectives, question, and 

hypotheses that were laid out in the introductory chapter. Then it thoroughly describes the 

research design, including the sampling procedure, construction of the visual choice sets, the 

nature of the attitudinal survey questionnaire, data cleaning, and data analysis methods.  

3.1 Research Objectives and Hypotheses 

This section revisits the goals, objectives, and hypotheses of this dissertation that were stated 

in the first chapter for the purpose of reconnecting the methodology discussion above with the 

research design that follows. This dissertation aims to achieve two goals that correspond to its 

purpose and scope: 1) investigate the viability of the TOD as a housing configuration in Riyadh, 

Saudi Arabia, and 2) extend the application of visual preference research further into the domain 

of robust empirical observation. These goals are addressed through several objectives: 

1. Eliciting preference for significant urban design attributes of TODs. 

2. Examining the relationship between personal attitudes and housing choice. 

3. Determining if heterogeneity exists among the population and, if so, uncovering its 

sources.  

4. Using photographs to elicit preference following a stated preference framework. 
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The overall research question posed in this dissertation is as follows: To what extent do 

the urban design attributes of TODs influence residential preference to choose to live in a TOD? 

To answer this question, several null hypotheses were developed: 

Null Hypothesis 1: There is no significant difference in overall preference between low-density 

and high-density housing.  

Null Hypothesis 2: There is no significant difference in overall preference between single land-

use and mixed land-use neighborhoods. 

Null Hypothesis 3: There is no significant difference in overall preference between walkable and 

non-walkable neighborhoods. 

 Null Hypothesis 4: There is no significant difference in overall preference between the presence 

and absence of public parks.  

Null Hypothesis 5: There is no significant difference in overall preference between the presence 

and absence of public transit. 

Null Hypothesis 6: There are no significant differences between different socio-demographic 

groups in their preference for TOD attributes.  

Null Hypothesis 7: There are no significant differences between different socio-demographic 

groups in their attitudes toward and proximity preference for TOD features.  

Null Hypothesis 8: There exists no significant taste variation in people’s overall preference for 

TOD attributes. 

Null Hypothesis 9: People’s lifestyles have no additional explanatory power regarding preference 

differences for TOD attributes.  
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3.2 Research Design 

Addressing the research goals and objectives and testing the above-mentioned hypotheses 

with a great level of confidence necessitates imposing a high level of control of the independent 

variables of interest (TOD attributes). Therefore, this research will be conducted following a 

quasi-experimental research design using a survey research approach. The survey consists of two 

instruments: (1) a discrete choice experiment (DCE) to assess housing preference through choice 

and (2) a survey questionnaire to assess attitudes on several factors related to housing and 

transportation. The discrete choice experiment is performed following an experiment-like design 

of the choice sets, and the attitudinal questions are designed to be used as explanatory variables 

to understand patterns of preferences among a sample of the targeted population. The next 

sections will describe in detail the procedures and controls used following the stated preference 

framework. 

3.2.1 Sampling Population and Sampling Strategy 

Data collection is an essential part of research—especially if human subjects are the main 

source of data. Along with ethical processes for recruiting participants, the techniques through 

which a sample is selected influence the usefulness of the results in terms of generalizability. 

Thus, the selection of one sampling technique over another is not solely a matter of the 

researcher’s choice. Rather, the purpose and scope of the research, the phenomena under 

investigation, and the time and resources available to the researcher impose certain limitations 

that lead to justifying one sampling technique over another.  

As the scope of this research focuses on the extent to which TOD attributes influence 

preference for living in multifamily housing (MFH), the sampling population must meet two 

inclusion criteria: 
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1- Acceptability of the multifamily housing type: This research recognizes the appealing 

preference for the single-family detached house and the expected distorted evaluations of 

multifamily housing by those who would never consider it as a housing choice. Thus, the first 

criterion of inclusion relates to the willingness to consider multifamily housing as a housing type 

to live in. (Note that there will be no emphasis on ownership preference, as adhering to the 

discussion of willingness to pay presented in Chapter 2.) 

2- First-hand experience with public transit: The sampling population should have at least 

experienced firsthand the relationship between transit and the built environment. What is meant 

by experience here is not restrictive to living near and/or using public transit; it refers to having 

an already formed attitude on the concept of public transit. As Cervero and Bosselmann (1998) 

indicate, this is an important point to take into consideration when studying transit-related 

preferences, even if such an experience was formed by visual observation.6 Although this 

criterion is not restrictive when using DCE methods alone, it becomes necessary because this 

research will incorporate attitudinal questions that require such an experience.  

The sampling population that best meets these two criteria consists of Saudi students who 

have been studying abroad on the King Abdullah Scholarship Program. This program started in 

2005 and is ongoing, and thousands of Saudi students have benefited from the program in 

pursuing their education all across the world. Obtaining a list of all students from the Saudi 

Arabian Cultural Mission in Washington, DC was not possible (even with several attempts made 

by the researcher). However, a list of the Saudi Students Clubs in the US is available online on 

the Saudi Cultural Mission’s website. Upon contacting several Saudi Club presidents, they 

                                                 
6
 In their research, they were referring to Americans who have at least witnessed ideal TODs in Europe. Although 

there was no way to consider this requirement in their research, what I am implying is a formed opinion on the 

relationship of TOD attributes, even if not by an exemplar, that could serve as a reference point to judge other 

TODs.  
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indicated that the number of Saudi students in each club ranges from as low as four to a few 

hundred students. A similar list was not found on the Cultural Mission’s website in other 

countries. This limited the sample to be drawn from students that are currently studying in the 

US. As such, I chose a non-probability sampling technique with a purposeful sampling approach, 

which is common when one is interested in a population that meets certain characteristics 

(O’Muircheartaigh, 2008). This technique differs from other non-probability sampling 

approaches in that an expert’s judgment is used to select a representative sample (Battaglia, 

2008). As this applies in the case of this research, the researcher’s judgment was used to select a 

representative sample.  

3.2.2 The Survey Design 

Data collection was done using a self-administered survey consisting of two components: 

a DCE and a survey questionnaire. The sequence of the survey instruments was as follows: first, 

a series of socio-demographic questions and eligibility criteria for a participant to be included in 

the main survey; second, a choice set survey of housing alternatives; and third, a survey 

questionnaire on attitudes toward several factors related to housing and mobility. The following 

section will discuss in detail the procedures followed in each section of the survey. 

3.2.2.1 Background Information and Eligibility 

The first section of the survey consists of questions on participants’ socio-demographic 

information. It includes several multiple-choice questions on the city in which they live in Saudi 

Arabia, gender, age, marital status, and number of children (if they were married), in addition to 

the type of their house in Saudi Arabia and their tenure status. Participants were also asked to 

indicate their locational preference in the city of Riyadh (urban vs. suburban), with reference to 

the ring-road as the spatial element that demarks these two realms, following Telmesani (1995). 
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As all participants are currently students, the majority receive an equal stipend from the 

government, unless they are studying at their own expense or are married and have children. 

Those who are married and married with children receive extra allowances, but this increase in 

income is not attributed to their educational level, age, or years of experience (as in the case of 

income variation in the job market), and therefore it was not included in the survey.  

The second phase of the first section of the survey included an inclusion criterion about 

the respondent’s willingness to consider living in an apartment in Saudi Arabia when they return. 

Those who were not considering an apartment were asked to briefly explain their reasons for 

their decision before they were excluded from the survey. Those who answered yes were 

included and continued to the main choice survey.  

3.2.2.2 The Discrete Choice Experiment 

The discrete choice experiment (DCE) is considered the main data collecting instrument 

used to assess preference. It consists of developing several choice sets of alternative profiles of 

TODs that are represented visually. Every profile is considered an independent alternative in and 

of itself, and the profiles were manipulated using five TOD design attributes. Creating the 

profiles and arranging them into choice sets to be evaluated by respondents are essential parts of 

performing a DCE. This section will present in detail the procedure used, following these steps: 

1) Operationalizing TOD attributes; 

2) Creating the photo-simulations; 

3) Designing the choice sets for the pilot study: An efficient design 

4) Designing the final choice sets: Bayesian efficient design 

5) Data collection  
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3.2.2.2.1 Operationalizing TOD Attributes 

The first steps in performing a DCE are selecting the attributes of interest, 

operationalizing them, and selecting their levels. These steps are important because they 

represent the alternatives to be evaluated in the experiment. As researchers are interested in 

understanding multiple aspects of a phenomenon, there are guiding principles for constructing a 

DCE that might limit the number of attributes that could be included. According to Louviere & 

Timmermans (1990), the selection of attributes for stated preference experiments should 1) only 

include the salient features, 2) be simplified through combining similar attributes to reduce 

redundancy or confusion between them, and 3) be related to not only potential residents, but also 

urban planners, designers, and policy makers in order to be translated into practice.  

In this research, the salient attributes of TODs are the 3Ds (density, diversity, and 

design), as well as transit and neighborhood amenities (Table 3.2-1). As each construct could 

mean different things to different people and could be operationalized in a variety of ways, this 

research will follow the operationalization used in similar work in the literature that used photo-

simulations of TODs, particularly the work of Shaw (1994) and Cervero and Bosselmann (1998). 

It should be noted that the increase of an attribute or the levels of an attribute will exponentially 

increase the number of alternatives (as will be described later). What is most important, though, 

is the range of the levels. Using a wide range (such as a three-story building vs. six-story 

building) has more statistical power in estimating choice probability than a narrow range (a 

three-story building vs. four-story building). At the same time, an extremely wide range is 

problematic as well (for example, a three-story building vs. twelve-story building). Additionally, 

this research will use an endpoint design as proposed by (Louviere, Hensher, & Swait, 2000, p. 

95), which represents each alternative in two levels. An endpoint design is a perfect strategy 
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when the purpose of the experiment is to explore a relationship and when linearity7 is assumed 

(Hensher, Rose, & Greene, 2005, p. 114).  

Table 3.2-1  Operationalizing TOD attributes and their levels 

Attribute Operationalization Attribute Levels in DCE 

Density Net residential density as represented in the 

number of dwellings per area. While 

keeping other density-influencing variables 

constant, various building heights will 

denote different densities. 

1-Three-story building; 

2-Six-story building. 

 

Diversity Mixed land use will be represented in the 

presence or absence of retail uses (such as 

grocery stores, coffee shops). The intensity 

of land-use mix is kept at a moderate level. 

1-Shops and restaurants are 

present; 

2-Shops and restaurants are not 

present. 

 

Design Street design for walkability as determined 

by the presence of sidewalks, crosswalks, 

and pedestrian safety elements. 

1-Pedestrian-friendly streets; 

2-Auto-friendly streets. 

Amenities Neighborhood amenities within close 

proximity as determined by the presence or 

absence of public parks. 

1-Public park is present; 

2-Public park is not present. 

Transit Accessibility to public transit as 

determined by the presence or absence of 

public transit. 

1-Public transit is present; 

2-Public transit is not present. 

 

 

                                                 
7 The assumption of linearity is based on the evidence from the literature and the purpose of the research. As in the 

case of Riyadh, this research is not focused on comparing low-rise vs. mid-rise vs. high-rise vs. skyscrapers. If that 

was the case, a linearity assumption might be violated. As current MFH buildings are three stories high, doubling the 

number of stories to have it within the range of 6 to 7 implies more density, and is still within what is considered the 

maximum building height to be implemented in an urban residential setting—as promoted by sustainable urbanists 

(see Duany et al., 2001; Dunham-Jones & Williamson, 2011 ).  
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3.2.2.2.2 Creating the Visual Apparatus 

The visual representation of the TOD attributes was created by selecting representative 

photos of these attributes. To overcome some of the shortcomings of the visual preference 

surveys (VPS™), particularly the presence of unintended details in the photos (Jansen, 

Boumeester, Coolen, Goetgeluk, & Molin, 2011; Nasar, 1994), several controls were established 

in constructing the profiles. First, photos were taken of the city of Riyadh to control for 

unfamiliarity bias. Second, the architectural design of MFH buildings was limited to 

contemporary apartment buildings. It is believed that using contemporary building designs and 

materials produces more realistic engagement in participant reactions while also controlling for 

the novelty of the designs. Third, as this research focuses on the extrinsic design attributes, 

intrinsic attributes (such as the number of rooms, size of the unit, etc.) are controlled for in the 

survey. Respondents were asked to indicate their preference for the intrinsic components of the 

unit as part of the participant recruitment procedure. They were then directed to respond to the 

DCE as if their intrinsic unit features were met, to reduce any transferring effects on their 

choices. Lastly, the intensity of landscaping is kept constant at a modest level, imitating a real-

life level of greenery found in a typical street in Riyadh.  

Several photos of alternative MFHs were taken in Riyadh between December 20, 2016 

and January 5, 2017, using a Canon EOS D1100 camera. After an earlier photo shoot in mid-

November 2016, decisions on the photo shoot timing and angle were made. The best time to take 

the photos was found to be right after sunrise and right before sunset. Photos taken at these times 

produced the best natural light exposure without a heavy shadow effect. Furthermore, the angle 

that allowed the best experience of viewing MFHs was decided upon after trying multiple 

alternatives. The full experience of tall buildings with their immediate surroundings is best 
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viewed from a relatively close distance. The photos were taken from across the street at a 45-

degree angle, imitating the situation of passing by the neighborhood and viewing multiple 

buildings and their surroundings. This also allowed more sky area for increasing the number of 

floors during the photo-manipulation stage.  

 Three contemporary multifamily housing alternatives were selected by the researcher. 

The alternatives were evaluated by three architects in Saudi Arabia and two Saudi architectural 

students at Virginia Tech. They were instructed to evaluate the alternatives based on the 

possibility for photo manipulation and design quality. The final alternative to be photo-

manipulated was by far the alternative most liked by all of them. The final alternative was used 

as the base from which all possible alternatives were created. Photo manipulation was done using 

Adobe Photoshop CC 2015. In total, there were 32 alternative profiles created, representing all of 

the possible attribute combinations.8 For the purpose of brevity, an example of the manipulated 

photographs is shown in Figures 3.2-1, 3.2-2, 3.2-3, and 3.2-4, and the remaining possible 

combinations are presented in Appendix C. 

 

 

 

 

 

 

                                                 
8 Five attributes each at two levels= 25= 32 possible combinations.  
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Figure 3.2-2  A profile of 6-story buildings, single-use, not walkable, no parks, and 

with transit. 

Figure 3.2-1  A profile of all low levels (current status). 
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Figure 3.2-4  A profile of 3-story buildings, mixed-use, walkable, with no parks and no 

transit. 

Figure 3.2-3  A profile of 6-story buildings, mixed-use, walkable, with parks and 

transit. 
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3.2.2.2.3 Designing the Choice Sets 

After constructing housing profiles, the next step is to arrange them into choice sets for 

participants to choose from. The creation of choice sets entails placing certain profiles with each 

other in the same choice tasks, where one profile will be chosen by the participant. For example, 

every participant is faced with eight choice sets, and each set contains two alternatives to choose 

from. Designing such choice sets involves considering which two profiles would be the best to 

present next to each other to yield the best parameter estimates. Also, as the number of attributes 

and their levels increase the possible combinations, designing choice sets takes into 

consideration reducing participation fatigue through striking a balance between a reasonable 

number of choice tasks to be evaluated by a participant and the number of choices that are 

needed without jeopardizing the accuracy of parameter estimates. Different alternative methods 

for designing choice sets are presented in the literature (see Louviere et al. (2000) for orthogonal 

designs, fractional factorial designs, and fold-over designs).  

Conventional experimental designs apply to linear models (i.e., rating-based conjoint 

analysis) and focus on level balance and maintaining orthogonality (Rao, 2014). Due to the non-

linearity of discrete choice models (estimates are a logit function of the chosen alternative vs. 

what is not chosen in every choice set), a great deal of attention in the DCE literature has focused 

on what is called “efficient designs.” Efficient designs rely on statistical efficiency measures (the 

most widely used one being the D-error measure) to evaluate the design. Efficient designs that 

produce the smallest D-error are referred to as D-efficient designs (Rose & Bliemer, 2009). 

Standard errors in discrete choice models are a function of the asymptotic variance-covariance 

(AVC) matrix. However, to calculate the AVC matrix, the parameter estimates need to be known 

a priori (Walker, Wang, Thorhauge, & Ben-Akiva, 2016). To overcome this paradox, few 
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alternative options can be taken; they are arranged below from least recommended to most 

recommended and from simple to complex (Hensher et al., 2015; Rao, 2014; Walker et al., 

2016): 

1- Ignoring the problem and designing the choice sets with zero priors (Dz-error).  

2- Using priors from previous research in the literature or another reliable source. In this 

condition, the certainty of the priors is crucial. Two procedures could be taken: 

a. If the researcher is confident of the certainty of the priors, a design with fixed 

priors could be generated (Dp-error).  

b. If the priors are uncertain, a Bayesian efficient design could be used, which 

represents priors as a distribution from which multiple designs are generated 

and evaluated simultaneously (Db-error).  

The efficiency of the Bayesian design is evaluated by a Db-error measure, which is a 

function of the parameters of the choice design and the prior coefficients. The advantage of using 

Bayesian efficient designs is that they outperform the design with zero priors if the true 

parameters are large (Kessels, Jones, Goos, & Vandebroek, 2006), and the design with fixed 

priors when there is uncertainty surrounding the parameters (Walker et al., 2016). Bayesian 

efficient designs are created through simulation by creating and then evaluating multiple designs 

that are generated from a normal distribution of prior estimates. The process of drawing and 

evaluating multiple designs from a distribution makes Bayesian efficient designs robust against 

any misspecification of priors (Choice Metrics, 2014; Hensher et al., 2015; Walker et al., 2016). 

Furthermore, uncertainty of the priors is overcome, as only knowing the sign of the parameter is 

sufficient to improve the design (Choice Metrics, 2014, p. 99). As there is no study on TOD 

design attributes in Saudi Arabia from which prior estimates could be used, the researcher 
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performed a pilot study to obtain initial information on the sign and magnitude of the five TOD 

design attributes to construct a Bayesian efficient choice design for the main experiment.   

The second determinant of the number of choice sets relates to the correlation of the 

parameters to be estimated. This research is aligned with other work in the literature that 

estimates main effects only, as main effects explain between 70 and 90 percent of the variance 

(Dawes & Corrigan, 1974, as cited in Louviere et al. (2000)). Estimating main effects only was 

also recommended by experts in applying DCE on housing preference (E. Molin,9 personal 

communication, April 8, 2017), as the inclusion of interaction effects needs to be known to be 

statistically significant a priori (Hensher et al., 2015, p. 221). After testing all two-way 

interactions, no significant interactions were found from the pilot study results. Furthermore, 

including higher-order interactions might lead to overfitting, and in many cases the significant 

interactions will eventually turn out to not be significant when they are disaggregated on the 

individual level due to unobserved preference heterogeneity (B. Orme,10 personal 

communication, April 8, 2017).  

Another determinant of the number of choice sets is the number of choice alternatives in 

each choice task. As illustrated by Sándor and Wedel (2002), choice sets used in mixed logit that 

incorporated three alternatives in every choice set performed significantly better in terms of 

estimation accuracy than those with two alternatives, while increasing the choice sets to four 

alternatives showed only a slight improvement. The inclusion of an opt-out option yields a 

conditional utility estimate—conditional on making a choice (Hensher et al., 2015). Although 

some argue that having an opt-out option is usually done in the case of poor designs (Liao et al., 

2015), conditional probability estimates turn out to be more accurate in reflecting real choice 

                                                 
9 Associate professor in Transport Policy and Travel Behavior at TU Delft  
10 President of Sawtooth Software, Inc. 
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behavior (Hensher et al., 2015). In order to not impose a forced choice decision for an 

unattractive alternative, the no-choice option is included in all choice sets. Therefore, I chose to 

include three alternative profiles in each alternative, one of which was an opt-out (no-choice) 

option for the final design as advised by the literature. 

3.2.2.2.4 Efficient Design with Zero Priors for the Pilot Study 

The aim of the pilot study is to gather initial information on the coefficient estimates to 

be used as priors in creating an efficient design for the main data collecting instrument. The 

respondents consist of Saudi students from 15 different universities, randomly selected from a 

list of 158 Saudi student clubs in the US (n = 84, observations = 627), a subsample of the 

original targeted population described earlier (see Appendix G for a description of the pilot study 

participants). The choice set design of the pilot study was created with assumed betas of zero. 

(An efficient design with zero priors is also an optimal design.) The experiment consists of two 

alternative profiles and an opt-out alternative.  

As the number of choice sets needs to be more than the degrees of freedom of the 

parameters, the minimum choice sets required is six. However, in experimental design, it is 

recommended to use more choice sets than the bare minimum (Kuhfeld, 2010). The number of 

choices that yields significant results and reduces participants’ fatigue ranges in the literature 

from 8 to 13 choice sets per individual. In this research, the choice experiment was performed 

using SAS software with macros that created efficient designs from a candidate set of 

alternatives, where an efficient design could be found using 8, 12, or 16 choice sets. The macro 

uses a search algorithm (modified Fedorov algorithm) to find an efficient design by optimizing 
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the variance-covariance matrix of the design11 (Kuhfeld, 2010). With zero priors for the pilot 

study, the macro was able to find a 100% efficient design (optimal design) that consisted of 16 

choice sets (Appendix D). The choice sets were blocked into two blocks of 8 choice sets, where 

each respondent would be randomly presented with one block of 8 choice tasks.  

Before distributing the pilot study, the reliability of using photos in a DCE was tested 

using test-retest evaluation on Saudi students at Virginia Tech (n = 11). Participants conducted 

the choice experiment twice over a one-week interval to assess the extent to which their choices 

matched during the two time periods (Appendix F). The participants revealed that the aggregate 

respondents’ choice match is 82% (one record of 50%, one 63%, one 75%, four 88%, and three 

100% match). Within this small sample size, an 82% match is considered relatively high. These 

results assure the reliability of the instrument—especially in terms of using only photos for the 

DCE. It should be noted that two of the respondents (match of 38%) were eliminated after 

explicitly stating that their intention in filling out the pretest survey was solely to give the 

researcher constructive feedback, and they were less focused on reflecting their own preference. 

It should also be noted that there was a reduction in task-completion time from the pretest to the 

posttest for all respondents (although one participant had an increase in time due to an Internet 

speed malfunction). This time reduction indicates the learning effect as highlighted in the 

literature (Maciej, Arentze, Borgers, & Timmermans, 2013). The pilot study included an 

                                                 
11

 It is an algorithm that selects an alternative profile from the candidate set and then evaluates it against other 

alternatives that are created through cycling and swapping. The minimum error (highest efficiency) of a pair is 

stored and then moves to evaluating another choice set. The resulting optimal design (100% efficient design) 

consists of shifted alternative level pairs, meaning that choice sets are all of the opposing levels (no attribute level 

overlap) (Kuhfeld, 2010). For example, if alternative (A) consist of levels (1,1,2,1,2), it is paired with alternative (B) 

that consists of levels (2,2,1,2,1). This may be problematic in extreme cases where an alternative with all low levels 

is eventually paired with the one with all high levels. At this phase, however, this should not pose any problems as 

the intention is to use efficient Bayesian choice set design for the main survey, which is robust against uncertainty of 

prior estimates. In addition, the practice of removing unrealistic alternatives mentioned in the literature usually 

entails having all high levels with an unrealistically low pricing point. As this is not the case here, and because the 

alternative with all low levels is a realistic alternative that resembles the existing multifamily housing as it is built, I 

have decided to retain all alternatives without removing them from the pilot study.  
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additional two-choice task (burnout tasks) to account for the learning process, which made a total 

of 10 choices per individual (but only 8 are estimated).  

3.2.2.2.5 Pilot Study Results 

Analysis of the pilot study was performed using the multinomial logit (MNL) model 

(Table 3.2-2). The log-likelihood ratio (LRT) test of the estimated model shows a statistically 

better improvement compared to the base models. The LRT statistic is larger than the chi-square 

critical value of the base model (−2𝐿𝐿 = 310.76; 𝜒2
2 = 9.21;  𝑃 < 0.01) and the alternative-

specific constant (ASC) model (−2𝐿𝐿 = 56; 𝜒4
2 = 13.27;  𝑃 < 0.01). A separate model of only 

ASCs was estimated with. The results of that model show positive and statistically significant 

results at p < 0.001 of the ASCs for the two alternatives (ASC1 = 1.794; ASC2 = 1.723). These 

results indicate that the two alternatives are equally chosen, which eliminates any doubt about 

alternative presentation, positioning, or order bias.  

The analysis of the pilot study was not limited to those living in Riyadh, but it included 

participants from other cities in Saudi Arabia. The analysis of the Riyadh-only students did not 

yield trustworthy estimates due to the small number of participants, so the researcher decided to 

include all other participants in the estimation. The estimation of the TOD attributes (Table 1) 

are all statistically significant and have the expected sign (except for the land-use attribute). The 

results show that on average people prefer low-density, walkable neighborhoods, proximity to 

public parks, and proximity to transit. The land-use attribute shows interesting results. Contrary 

to expectation, mixed land use shows a positive parameter estimate. These estimated coefficients 

will be used as priors to construct the main visual choice experiment design. 
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3.2.2.2.6 Bayesian Efficient Design with Prior Estimates for the Final Design 

 The design of the final choice sets will use the prior estimates from the pilot study to 

create a Bayesian efficient design. The final design was created with 16 choice alternatives using 

Ngene 1.1.2 software (Appendix E). Unlike the pilot study, the final design consists of three 

alternatives and an opt-out option in every choice set. As the intention is to test for preference 

heterogeneity by disaggregating the utility on the individual level, having three choice 

alternatives in each choice set significantly improves the estimates (Sándor and Wedel, 2002).  

The final choice design was created by estimating a Bayesian efficient MNL model and 

then optimizing and comparing it against a mixed logit panel (Bliemer & Rose, 2010). This 

approach turned out to be the best way to generate a design that allowed for capturing 

heterogeneity within a relativistic computation time frame. The final design shows a Db-error of 

0.284; therefore, according to the S-estimate, the theoretical minimum sample size needed to be 

Table 3.2-2  Model estimates of the Pilot Study 

  Part-worth utility a SDE Sig. Attribute 

importance 

Constant 1.76 0.145 ***  

Density -0.104 0.042 ** 10.9% 

Land use 0.353 0.042  36.9% 

Walkability 0.226 0.042 *** 23.6% 

Parks 0.117 0.042 *** 12.2% 

Transit 0.156 0.042 *** 16.3% 

Model fit statistics     

  LL(β) -582.89    

  LL(0) -738.27    

ρ2 0.210    

LL (ASC only) -610.89    

ρ2 (ASC only) 0.046    

Sample     

  Number of respondents 84    

  Number of observations 672    
     

***, **,  Significance at the 1% and 5% respectively 
a
 Part-worth utilities are of the same magnitude but opposite signs because of two level effects coding 
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324 participants. However, sample size for mixed-logit or latent class analysis in non-market 

DCEs is case specific. According to Scarpa and Rose (2008), one approach is to collect data 

from participants until the parameters become stable (i.e., not changing significance when adding 

additional respondents).12 The design was blocked into two blocks of 8 choices, where each 

participant will be randomly assigned to one block. Two additional alternatives were added to 

the design to account for the learning process of performing a choice task and were not 

estimated, as indicated by the test-retest reliability results of the pilot study and as supported in 

the literature (Maciej et al., 2013).  

3.2.2.3 Survey Questionnaire 

In addition to the choice tasks, participants were asked to indicate their attitudes toward 

several TOD-related items. These items, collected from several sources in the literature, are 

believed to have an influence on understanding patterns of preference and discovering sources of 

preference heterogeneity when included as explanatory variables in a DCE. These attitudinal 

items were presented on a 5-point Likert scale, ranging from “1 = completely disagree” to “5 = 

completely agree.” The questions were modified from the pilot study phase.13 As displayed in 

Table 3.2-3, the questions are grouped into four constructs that measure attitudes (18 questions) 

and proximity preferences (7 questions). The survey was translated into Arabic and proofread 

multiple times.14 

 

                                                 
12

 The same sample size strategy was suggested to the researcher by Michiel Bliemer, Chair of Transport Network 

Modeling at the University of Sydney, posted to the Ngene forum on October 4, 2017: http://www.choice-

metrics.com/forum/viewtopic.php?f=2&t=402  
13 Between the time of the pilot study and the final study, a royal decree was issued lifting the ban on women driving 

in Saudi Arabia, which caused the need to modify several questions accordingly.  
14 With the help of Abdullah Abuzaid, a PhD candidate in Environmental Design and Planning at Virginia Tech, 

who is an expert in formal Arabic writing.  



71 

 

Table 3.2-3  Attitudinal questions about several TOD-related items  

Attitudinal/behavioral Items  Sourcesa 

TOD Attitudes:  

To what extent do you agree with the following: 

1- It is better to live in the suburbs even if this requires longer commutes (negative). 

2- Apartment buildings should be allowed to be more than 3 floors high. 

3- Increasing density is one of the solutions to housing demand. 

4- There are no problems with having stores on the ground floor of apartment 

buildings. 

5- High-density neighborhoods increase social interaction and livability of the area. 

6- People living in walkable neighborhoods with proximity to amenities and transit 

are fortunate.  

7- The best areas in cities worldwide are high density, mixed use, and walkable. 

(Yang & 

O’Neill, 2014) 

Sprawl Attitudes: 

To what extent do you agree with the following: 

1- Sprawl is one of the major challenges facing major Saudi cities. 

2- Sprawl encourages car dependence and causes congestion. 

3- The future of Saudi cities should be more transit-oriented. 

4- Public transit reduces environmental pollution caused by car dependence. 

(Ettema & 

Nieuwenhuis, 

2017; Yang & 

O’Neill, 2014) 

Travel Attitudes: 

To what extent do you agree with the following: 

1- Using transit is better than driving in traffic. 

2- I will use transit if it is faster to reach my destination. 

3- I will never be able to make it without a car, even if efficient public transit is 

available (negative). 

4- A car reflects one’s social status (negative). 

5- I will continue to use my car even if gas prices increase and parking fees are 

imposed. (negative). 

6- The type of car does not matter, as long as it gets me to my destination. 

7- Fees on driving during rush hour should be implemented to reduce traffic 

congestion. 

(Cao, 2015; 

Kamruzzaman 

et al., 2013) 

Proximity Preference: 

In choosing a housing location, how important is it for you to be near: 

1- Shops and restaurants? 

2- Public parks? 

3- Public transit stations?  

4- Work? 

5- Schools?  

6- Relatives?  

7- Shopping centers?  

(Olaru et al., 

2011) 

a These sources were used to derive some, but not all, of the items. Some of the items used here were manipulated 

or completely changed from the original sources to fit the context of this study (i.e., some of these studies were 

conducted in areas where bicycling is prominent and public transit already exists). 
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3.2.3 Data Collection Process 

The self-administered survey was distributed twice online. Due to the difficulty of 

obtaining a list of emails of all Saudi students in the US, an email was sent to the president of 

each Saudi student club to be distributed to the members of their club. There were 198 Saudi 

student clubs in the US in total, and their email addresses were listed on the Saudi Arabian 

Cultural Mission website (Appendix H).15 The first recruitment emails were sent on October 25, 

2017. Few Saudi club presidents replied to the email positively and indicated that they had sent 

out the survey to their club members. A reminder was sent to all Saudi club presidents on their 

phone numbers via a WhatsApp group16 to encourage them to distribute the survey they received 

in the recruitment email, and a link to the survey was included in the text message. During the 

first stage of survey distribution, the survey link and description was sent via the “mention” 

function on Twitter to Saudi student club accounts that had been active within the last month. 

There were 212 completed responses from the first phase in total (74 from Riyadh). The 

participation rate increased over the first four days but then declined. With the relatively low, yet 

expected, participation rate, a second phase of data collection was performed one week later.  

The second phase consisted of the same process as in the first phase, with slight 

differences. The list of recipient email addresses this time included all staff members of Saudi 

student clubs such as the officer of social events, treasurer, and others. A total of 879 email 

addresses were obtained from the SACM website, and a second wave of emails was sent on 

October 31, 2017, with a reminder to participate and send the survey to their club members. 

Non-profit Saudi student organizations such as “Saudis in USA,” who have more than 169,000 

                                                 
15 The contact information of active Saudi student clubs has increased from the time the pilot study was performed.  
16

 The WhatsApp group contains current and some previous Saudi student club presidents in the US. The message 

was sent with the assistance of Turki Al Zahrani, a PhD candidate and the former president of the Saudi Student 

Club at Virginia Tech.  
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followers on Twitter and 255,000 on Facebook, were contacted as well, and they posted the 

survey on their Facebook page on November 1, 2017. The survey link was terminated on 

November 6, 2017, with a total of 507 participants (211 from Riyadh). 

3.2.4 Data Preparation and Cleaning Procedure 

After the data was collected, it was imported into SPSS to be coded. As the TOD 

attributes are represented as categorical variables of two levels each, they need to be coded in 

order to include them in the utility estimation. The most common coding schemes for DCEs are 

dummy coding and effects coding, and the less common scheme is orthogonal coding. These 

coding schemes differ only in the interpretation of the coefficients, but they yield the exact same 

choice probabilities (Molin, 2011). According to Hensher et al. (2005), effects coding has an 

advantage over dummy coding in terms of avoiding confounding effects with the constants. As 

the DCE used here is unlabeled, there is no constant for each alternative. However, confounding 

might appear between the profile of all low levels (coded all zeros in the case of dummy coding) 

and the opt-out option (which is also coded zero in dummy coding). Therefore, I used effects 

coding following the recommendation of (Hensher et al., 2005; Molin, 2011).  

The coded data was exported to Microsoft Excel for data cleaning and then data stacking. 

Data cleaning entails a procedure to ensure the inclusion of only valid responses. Two steps were 

undertaken. First, responses from participants who completed the survey in under five minutes 

were deleted, as this was seen as the minimum possible threshold for one to take the survey. The 

choice tasks where a participant chose the same alternative for at least 6 of the 8 tasks were also 

removed, for example, all choices were for the opt-out alternative or six of the choices were for 

the first alternative. Those who were eliminated by survey design because they were not 

considering apartments as a housing alternative at all were put in a separate spreadsheet, and 
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their comments were grouped together and analyzed. Second, an odd-even split-half correlation 

was used on the attitudinal questions to eliminate careless responses. In this phase, the attitudinal 

questions were grouped into odd and even groups (1, 3, 5, etc. in one group, and 2, 4, 6, etc. in 

another group). A correlation was performed on the two groups, and participants’ answers that 

show an absolute correlation value of 0.85 were considered careless responses and were 

removed. From the original 527 responses, 376 responses were valid after the data cleaning 

procedure, from which 156 are respondents from Riyadh.  

3.2.5 Data Analysis 

Data analysis was performed using SPSS and NLOGIT software. SPSS was used to 

perform a principal component analysis (PCA) on the attitudinal questions and to assess group 

differences on the dimensions resulting from the PCA. NLOGIT was used to analyze the choice 

data. The following sections provide a detailed explanation of the procedure used for each 

method of analysis.  

3.2.5.1 Principal Component Analysis for the Attitudinal Questions 

The purpose of including attitudinal questions in the survey questionnaire is to use them 

as predictors for understanding group differences based on patterns of attitudes toward relevant 

factors affecting the decision to live in a TOD. They also represent an important factor in 

defining one’s lifestyle, as explained in Chapter 2—and they will be introduced as explanatory 

factors of latent preference classification in the analysis of the discrete choice experiment. 

Introducing attitudinal statements in discrete choice experiments is common in latent class 

models, but it is recommended to not directly introduce the items into the estimation process. 

Rather, items are commonly introduced in choice modeling as factors that have been reduced 

using principal component analysis, which is a data reduction tourniquet that refines a set of 
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Likert-scale items into a smaller set of components. These components capture the common 

dimensions shared between a group of items. These dimensions are then given a meaningful tag 

by the researcher based on the items that are grouped for each dimension.  

The process used to perform a PCA involves the following: 

1- Determining the appropriateness of conducting a PCA through a Kaiser-Mayer-Olkin 

measure of sampling adequacy of > 0.60, and a significant Bartlett test at P < 0.05,  

2- Extracting components using varimax orthogonal rotation,17 

3- Removing equally double loading items and rerunning the estimation, 

4- Considering only items with factor loadings of 0.4, and  

5- Following Kamruzzaman, Shatu, Hine, and Turrell (2015), at least two items should load 

in a dimension to be considered.  

3.2.5.2 Inferential Statistics of Group Differences 

The PCA factors and the proximity Likert-scale questions were used as dependent 

variables to test for mean differences between individual groups. Individual characteristics were 

dichotomized for ease of interpretation in this analysis and also in the DCE analysis. An 

independent sample t-test was chosen for its appropriateness in comparing mean differences 

between a categorical independent variable of two groups on Likert data (De Winter & Dodou, 

2010). This parametric test has certain assumptions that are mentioned in statistical textbooks, 

mainly the normality assumption and the homogeneity of variance assumption. The normality 

assumption was tested by examining the distribution of the residuals on a Q-Q plot. The majority 

of the dependent variables show a reasonably normal distribution except for few. However, the 

researcher opted out from performing any data transformation or taking the route of non-

                                                 
17 Parallel analysis is not supported by SPSS but was performed by the researcher using JASP and yielded the exact 

dimensions.  
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parametric estimation following the recommendation of Judd, McClelland, and Ryan (2009) and 

Norman (2010), who assert that a parametric test such as a t-test is very robust to the violation of 

normality18. Furthermore, the assumption of variance heterogeneity was tested for by examining 

Levene’s test for equality of variance. If this assumption is violated due to some inequality in 

sample sizes for some independent variables, the degrees of freedom are adjusted and alternate 

estimates are used with this adjustment. Both scenarios are provided by SPSS in one table 

simultaneously. 

3.2.5.3 DCE Modeling  

Discrete choice experiments are performed under the assumption that when a person is 

confronted with competing alternatives, that person will choose the alternative with the best 

outcome. This outcome is termed “utility,” which is a latent construct, because it is not readily 

measurable by the researcher (Louviere, Flynn, & Carson, 2010). In this research, utility reflects 

the expected satisfaction before occupying a dwelling, as a construct for mental congruence 

(Michelson, 1977). As such, and under the rational person framework, choice behavior is 

assumed to follow a utility-maximizing behavior. Utility maximization measurement is generally 

understood through the random utility theory (RUT), which postulates that the utility function is 

composed of two parts: a structural component that can be measured through the attributes 

comprising alternatives, and an error component that is not observed, which includes all other 

                                                 
18 There is a great amount of literature that aims at clarifying the confusion surrounding the normality assumption in 

inferential statistics of central tendency, particularly when using a Likert-scale data. Although the discussion on this 

topic is beyond the scope of this dissertation, it should be noted that most of the confusion transcends to journal 

reviewers (Norman, 2010). Although the details of this discussion are of interest to statisticians, applied researchers 

should beware of these commonly held practical mistakes: 1) the normality assumption is pertaining the residuals, 

not the data (Judd, McClelland, & Ryan, 2009); and, 2) parametric analysis of a sample size >30 is robust against 

any departure from normality (Stone, 2012), and as a result, 3) Type I error for non-normal distributions never 

exceeds alpha= 0.05 (in cases of unequal sample sizes it never exceeds 3% beyond the 5%) thus one should not 

worry about not finding any differences when there are none in the population (De Winter and Dodou, 2010). 

“Parametric statistics can be used with Likert data, with small sample sizes, with unequal variances, and with non-

normal distributions, with no fear of ‘coming to the wrong conclusion’. These findings are consistent with empirical 

literature dating back nearly 80 years. The controversy can cease (but likely won’t)” (Norman, 2009, p.631).  
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factors not represented by the attributes. The utility of the nth individual choosing the jth 

alternative can be expressed as (Louviere et al., 2000): 

 𝑈𝑗𝑛 = 𝑉𝑗𝑛 + 휀𝑗𝑛 (1) 

In the case of confronting two alternatives (A and B) in a choice set (S), the nth individual 

is expected to choose profile A over B if and only if the utility of alternative A is greater than 

that of alternative B (Louviere et al., 2000): 

                                       𝑈𝐴𝑛 > 𝑈𝐵𝑛         𝑓𝑜𝑟 𝑎𝑙𝑙 𝐴 ≠ 𝐵 ∈ 𝑆 (2) 

 (𝑉𝐴𝑛 + 휀𝐴𝑛) > (𝑉𝐵𝑛 + 휀𝐵𝑛)  

 (𝑉𝐴𝑛 − 𝑉𝐵𝑛) > (휀𝐵𝑛 − 휀𝐴𝑛)  

As the error component (휀𝐵𝑛 − 휀𝐴𝑛) is unknown, we can only make inferences based on 

the probability of choices that are made. Therefore, the probability of choosing profile A over B 

in a choice set S is (Louviere et al., 2000): 

 𝑃(𝑉𝐴𝑛 − 𝑉𝐵𝑛) > (휀𝐵𝑛 − 휀𝐴𝑛) 𝑓𝑜𝑟 𝑎𝑙𝑙 𝐴 ≠ 𝐵 ∈ 𝑆 (3) 

Furthermore, the probability of an nth participant choosing profile A over profile B and an 

opt-out (no-choice) option C is (Louviere et al., 2000): 

 𝑃( [𝑉𝐴𝑛 − 𝑉𝐶𝑛] − [𝑉𝐵𝑛 − 𝑉𝐶𝑛] > [휀𝐵𝑛 − 휀𝐶𝑛] − [휀𝐴𝑛 − 휀𝐶𝑛] ) 𝑓𝑜𝑟 𝑎𝑙𝑙 𝐴 ≠ 𝐵 ∈ 𝑆 (4) 

 

3.2.5.3.1 Multinominal Logit Model 

From the above description, a person ought to choose the alternative that yields the 

highest utility. Even if utility is not directly observed, it could be modeled probabilistically using 

a coding scheme (e.g., dummy, effects, or orthogonal coding). To model choice behavior, there 

are certain restrictions and assumptions that determine the choice modeling to be used. Assuming 
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that profile alternatives are independent from irrelevant alternatives (IIA) and that the error term 

is an independently and identically distributed (IID) extreme value,19 the estimates are done 

using maximum log likelihood—and the probability of making that choice could be estimated 

with the multinomial logit (MNL) model (Molin, 2011; Train, 2009): 

 𝑃𝐴𝑛 =
𝑒𝑉𝐴

∑  𝑒𝑉𝐽
𝑗∈𝑆   

 (5) 

 

where PA is the probability of choosing alternative A among all alternatives J in choice set S.  

The MNL model is robust and has been used in many stated preference studies, 

especially when one is interested in deriving utility estimations on the aggregate level (overall 

sample). Its shortcomings stem from its restrictions, mainly the IIA and IID assumptions 

(Louviere et al., 2000). As previously mentioned, the MNL model assumes that the error terms 

(i.e., the unobserved components of the utility model) are independently and identically 

distributed, which means that they are not correlated. However, in real life, this might not be the 

case. When an individual evaluates many alternative profiles, it is not realistic to assume that 

unobserved personal-taste factors are not correlated (Train, 2009). The IIA restriction assumes 

that the utility from a choice set that contains alternatives A and B would be equally affected by 

the introduction of a third alternative C. This restriction also relates to the IID restriction to an 

extent, in that the unobserved factors affecting a respondent in choosing profile A over B are 

uncorrelated. This could be a limitation in behavioral choice, where every choice made by the 

same individual is treated as an independent choice. Other methods that relax these assumptions 

will be discussed below.  

                                                 
19 This is referred to as an extreme value type 1 Gumbel distribution or a double exponential distribution. It is a 

distribution with an arbitrarily fixed mean at 0.575 and a fixed variance of 1.622 (Rao, 2014).  
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3.2.5.3.2 Introducing Covariates in the MNL Model 

In discrete choice experiments, parameter estimation is a logit function that depends on 

the differences in attribute levels (Ben-Akiva & Lerman, 1985; Hensher et al., 2005). As such, 

the specifications of the utility model should reflect this axiom. Unlabeled experiments are 

differentiated from labeled experiments in that choices are not distinguishable from each other 

by anything but their attributes. The attributes themselves also vary, as they have been evaluated 

by respondents in a combination of different levels. However, individual characteristics are 

invariant across choices made by the same individual. As a result, it is common to introduce 

covariates as interaction terms, as interacting with a variable that varies with one that is invariant 

is likely to produce a varying interaction term (Hensher et al., 2015).  

The addition of a no-choice alternative needs attention in specifying the interaction term. 

This specification compares the marginal utility of attributes for alternatives A, B, and C relative 

to the no-choice alternative. Consequently, the ASC of the no-choice alternative is estimated for 

the no-choice alternative relative to other choices. As such, when an invariant variable such as 

gender is introduced, it needs to be introduced in terms of J-1 alternatives to be estimated. As a 

result, the interpretation of gender would be relative to the no-choice alternative. However, when 

gender is transformed to be a two-way interaction with an attribute, it could be entered in all J 

alternatives (Hensher et al., 2015).  

Additional problems arise with the presence of a no-choice alternative. As the attributes 

are conventionally coded as missing values (-999 in NLOGIT) for the no-choice alternative, the 

interaction between gender and a missing value is meaningless. If the interaction is only 

introduced in the alternatives and not for the no-choice, then the interpretation would be for the 

utility/disutility of being female on the interacted attribute relative to the no-choice alternative. 
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Accounting for the gender utility/disutility of the no-choice alternative requires a dummy for 

gender to be introduced by itself in the no-choice alternative (Bill Greene,20 personal 

communication, November 14, 2017). In this sense, the interaction between gender and density, 

for example, could be interpreted as whether or not there is a significant difference between 

women and men in their preferences for density, where the gender dummy refers to whether 

there is a significant difference between women and men in choosing an alternative versus the 

no-choice alternative.  

3.2.5.3.3 Mixed Logit Model 

The limitations of the MNL model, especially those stemming from the IIA and IID 

restrictions, could be overcome by using other methods that relax these assumptions. The mixed 

logit (ML) model is similar to the MNL model, but it represents taste variation that results from 

an assumed correlation between choices made by an individual in a continuous manner. There 

are three ways ML can be employed: (1) using a random parameter ML model, (2) using an error 

component ML model, and (3) using a panel data ML model. The emphasis here will be on using 

random parameter and panel data, as this research will entail different choice sets evaluated by 

the same individual (see Train, 2009, for various ML specifications).  

Going back to Equation (1), the structural component of the utility 𝑈𝑗𝑛 consists of 

 𝑉𝑗𝑛 =  𝛽𝑛 𝑥𝑗𝑛  (6) 

where 𝛽𝑛 is a vector of coefficients and 𝑥𝑗𝑛 is a vector of attributes in alternative j for the nth 

individual (Train, 2009). Note that in the MNL model, the vector of coefficients 𝛽𝑛 is assumed to 

be fixed for all individuals. However, the mixed logit model allows for random variations of the 

coefficients across participants. Thus, 𝛽𝑛 could be specified as a random parameter with 

                                                 
20 Professor of Economics, NYU Stern School of Business. 
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predefined distribution that is intended to represent the participant’s individual taste variation. 

The commonly used distributions are the normal, log normal, and triangular distributions. 

Hensher et al. (2015) present a list of other distributions that could possibly be used. In this 

research, the normal distribution is used because it accounts for both positive and negative values 

of preference for different TOD attributes between different individuals.  

To account for taste variation, betas need to be allowed to vary instead of being fixed; 

this variation is captured by an additional component 𝜂𝑛 (Revelt and Train, 1998): 

 𝛽 𝑛 = 𝑏 + 𝜂𝑛  (7) 

where 𝑏 is the sampled population mean, and 𝜂𝑛 is the standard deviation of the nth individual’s 

taste variation relative to the sampled population’s mean parameter, thus allowing for people’s 

different tastes to deviate from the mean. The standard deviation 𝜂𝑛 is expressed here through a 

density function with a predefined normal distribution. A subscript t is introduced to represent 

the sequence of choice tasks made by a participant. In the case where a standard deviation is not 

statistically significant, the attribute is collapsed and best represented by the mean parameter, 

indicating a lack of taste variation for that attribute and vice versa. Thus, the utility function of 

the mixed logit model becomes (Revelt and Train, 1998)21: 

 𝑈𝑛𝑗𝑡 = 𝑏𝑥𝑛𝑗𝑡 + 𝜂𝑛 𝑥𝑛𝑗𝑡 + 휀𝑛𝑗𝑡 (8) 

When an individual is faced with multiple choice sets, it is reasonable to assume that the 

choices made by the same individual are correlated. This means that a model specification needs 

to account for that by fixing the coefficient parameter for the individual and varying it over other 

individuals. Note that in the error term becomes 휀𝑛𝑗𝑡 which is also an IID extreme value type 1 

                                                 
21 This model accounts for taste variation between individuals, which is sufficient to test the hypothesis of 

preference heterogeneity. Discovering the sources of heterogeneity in this research will be mainly performed using 

the latent class model. However, it is good to shed light on how this is performed in ML.  
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distribution, meaning that it could be represented by a standard logit. This shifts the estimation 

from the unconditional probability (of the overall sample) to a conditional probability (which 

pertains to the choice behavior) of an nth individual for his/her choices in each task. The only 

addition is that the logit formula 𝐿𝑛(𝛽) incorporates a product of multiple logits for each of the 

eight choice tasks (Train, 2009): 

 𝐿𝑛(𝛽) =  ∏  [
𝑒𝑉𝑛𝑗

∑ 𝑒𝑉𝑛𝐽𝐽
𝑗

]
8

𝑡=1
     (9) 

The conditional probability of the overall sample is estimated by taking the integral of the 

product of these logit formulas (a weighted average of equation 9 over multiple values of 𝛽) 

(Train, 2009): 

 𝑃𝑛𝑖 =  ∫ 𝐿𝑛𝑖(𝛽) 𝑓(𝛽) 𝑑𝛽  (10) 

One may notice that the ML exhibits an open form of an integral, which cannot be 

computed analytically. This is one of the advantages of the MNL model over the ML model. 

However, with the advancement in computer power and the development of specific software 

programs (for example, NLOGIT or Biogeme) that can efficiently perform these calculations, the 

ML model could be estimated through simulation. The simulation used in this research is the 

Smart Halton Draws (SHD). The number of draws is determined by the researcher in order to 

have stable results and avoid computationally exhaustive—and sometimes endless—iterations. 

Different numbers of draws were used in this research: 100, 500, 1,000, 3,000, and 5,000. The 

simulation results show that 1,000 draws performed as well as the larger draws, but in a 

manageable time for each iteration, and it was therefore chosen.  

The ML model is also capable of discovering sources of preference heterogeneity for the 

TOD attributes through estimating variation around the mean of estimates. To discover sources 
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of heterogeneity around the mean, socio-demographic characteristics of individuals could be 

introduced into the utility function. They are commonly introduced as interaction terms 

(covariates) because they are invariant (meaning that they do not vary across individuals). The 

interaction between an invariant variable and a random variable will produce another random 

variable (Hensher et al., 2015). As it has also been suggested to introduce covariates as 

interaction terms in an unlabeled DCE, individual heterogeneity around the mean could be 

expressed as (Greene, 2007): 

 𝛽 𝑛𝑖 = 𝑏 + 𝛿𝑐𝑖𝑧𝑐𝑛  + 𝜂𝑛  (11) 

where 𝛿𝑐𝑖 is the coefficient of the interaction term of individual characteristic c (for example, 

age) with attribute i, and 𝑧𝑐𝑛is the level of the individual characteristic for individual n (for 

example, 18-24 years old).  

It should be noted that when the covariate 𝛿𝑐𝑖𝑧𝑐𝑛 is not showing statistically significant 

results, this does not imply that there is no preference heterogeneity. Preference heterogeneity 

can be traced back to the significance of the standard deviation. Insignificant covariates only 

mean that the researcher failed to discover the sources of taste variation given these covariates 

(Hensher & Greene, 2003). In other words, if income level was used, differences in preference 

cannot be distinguished between the population of different income levels. 

3.2.5.3.4 Latent Class Model 

The latent class (LC) model is an analysis model that assumes that there are different 

classes (i.e., subgroups that show similar preference patterns) in the population. These classes 

could be presented in a discrete manner (instead of a continuous manner as in the ML model). 

The discrete representation of preference heterogeneity means that each class membership in the 
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population will be represented by different coefficients, thus providing a separate MNL-like 

model output for each class. According to  Hensher & Greene (2003), the LC model  

assumes that individual behavior is based on observable attributes (choice experiment and 

individual characteristics) and unobservable class membership factors (latent factors that could 

be obtained from individual characteristics and attitudinal questions), as indicated graphically in 

Figure 3.2-5. Class memberships are not known to the analyst, but they are captured as class 

membership probability. In that sense, the LC model estimates choice probabilities conditional 

on belonging to a particular class. In order to do that, two models need to be identified: a class-

specific model and a class membership model. 

Dimension 1 

Item 1 
Item 2 
Item 3 
Item K 

Attitudinal/Behavioral Dimensions (PCA) 

Lifestyle 
 (Latent Classes) 

Density 
Diversity 

Walkability 
Parks 

Transit 

TOD Attributes  

Choice Utility 

Socio-demographics 

Gender 
Education 

Age 
Marital Status 

Locational Preference 

Housing Preference 

Dimension 2 

Dimension z 

Figure 3.2-5  Latent Class Model Estimation Framework. Adapted from Liao et al. (2015), 

Olaru et al. (2011), and Walker and Li (2007). The solid lines are used in the utility estimation, 

the dashed lines represent the covariates, and the dotted lines represent principal component 

analysis (PCA). 
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 Class-specific Model 

The class-specific model relates to the choice probability of individual n in a choice set j 

for t independent choice situations, conditional on belonging to class c (Hensher & Greene, 

2003):  

 𝑃𝑛𝑡𝑗|𝑐 =
𝑒𝛽𝑐 𝜒𝑛𝑡𝑗

∑ 𝑒𝛽𝑐 𝜒𝑛𝑡𝑗𝐽
𝑗

  (12) 

This is a standard logit model in which 𝛽𝑐 represents a parameter coefficient for a particular 

class. To account for panel data, as every respondent is faced with eight choice sets, the 

conditional probability becomes the joint probability of the sequence of choices made by that 

individual (Greene & Hensher, 2003): 

 𝑃𝑛|𝑐 = ∏ 𝑃𝑛𝑡𝑗|𝑐

8

𝑡=1

  (13) 

 

Class Membership Model 

Class membership—the probability that a particular individual belongs to a particular 

class—is unknown to the researcher, but it could be approximated probabilistically given 

observable choices, individual characteristics, and the participant’s responses to the attitudinal 

questions. Class membership is estimated as a logit function to determine posterior 

(unconditional) class membership probability, i.e., the probability that individual i belongs to 

class c given his/her set of individual characteristics n and attitudinal responses (Greene & 

Hensher, 2003): 

 𝑃𝑛𝑐 =
𝑒𝑧𝑛 𝜃𝑐

∑  𝑒𝑧𝑛 𝜃𝑐𝐶
𝑐=1

     ,    𝜃𝐶 = 0 (14) 
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where 𝜃𝑐 represents parameter estimates for class memberships, and zi is a vector of invariant 

individual characteristics (socio-demographics) and variant factors (attitudinal/behavioral 

dimensions extracted from the PCA) entering the model as covariates. One of the parameter 

estimates 𝜃𝑐 of one of the classes is normalized to zero for model identification. Thus, the 

interpretation of the classes is performed in reference to the normalized class (Greene & 

Hensher, 2003).  

Model Estimation 

The estimation of the conditional choice probabilities made by individual i is the sum of 

the product of the choice probability and the class-specific probability for that individual 

(Hensher et al., 2015):  

 𝑃𝑖 = ∑ 𝑃𝑛𝑐

𝑐

𝑐=1

∗ 𝑃𝑛|𝑐 (15) 

And the estimation for the sample is performed using maximum likelihood estimation of this 

sum of the product for the sample (as the predicted probability of the choice-specific contribution 

over all classes) (Hensher et al., 2015): 

 ln 𝐿 =  ∑ ln 𝑃𝑛

𝑁

𝑛=1

= ∑ ln [∑ 𝑃𝑛𝑐

𝐶

𝑐=1

 (∏ 𝑃𝑛𝑡𝑗|𝑐

𝑇

𝑡=1

)]

𝑁

𝑛=1

    (16) 

 

3.3 Summary 

This chapter presented the research design for testing the proposed hypotheses and 

answering the research question. The procedure includes the recruitment of a homogeneous 

sample of Saudi students who are currently studying abroad in the US, from which only those 

who are willing to accept MFH will be allowed to participate. The data collection instrument 



87 

 

includes a visual choice experiment and a survey questionnaire of attitudinal questions. 

Designing the visual choice experiments will be informed by the results of a pilot study about 

what photos should be placed together in one choice task to maximize the trade-off process. 

Analysis of the data takes several steps: The attitudinal questions will be reduced via factor 

analysis to yield their underlying dimensions of transit and built environment attitudes; MNL 

will be used to test overall preference for TOD attributes; inferential statistics and MNL with 

covariates will be used to analyze preference differences among people with different socio-

demographic characteristics; the ML model will be used to test for preference heterogeneity; and 

the LC model will be used to re-cluster preference heterogeneity into more informative 

homogeneous classes.     
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Chapter 4: Results 

4.0 Introduction  

This chapter reports the empirical tests conducted to test the research hypotheses. It starts 

with a description of the participants who took part in the study. It then presents the analysis 

results in two main sections: overall preference for TOD attributes, and preference variation for 

TOD attributes. The first section pertains to the overall preference results from the visual choice 

experiment and attitudinal questions from the survey questionnaire. It starts with an assessment 

of overall preference for the five TOD attributes using the standard logit model—the 

multinomial logit (MNL) model. Individual differences are then tested separately using several 

MNL models by introducing them as interaction terms.  

The survey questionnaire included two sets of questions related to TOD housing 

preference: 1) eighteen attitudinal/behavioral questions and 2) seven proximity preferences. 

Participants rated these questions on a Likert scale of five levels. Factor analysis was performed 

on the attitudinal questions and resulted in four attitudinal dimensions that were used with the 

seven proximity preference questions in inferential statistics to test for group mean differences 

between participants.  

The second section reports the results of preference variation analysis of the visual choice 

experiment. The hypothesis of taste variation among participants was tested for using mixed 

logit, and its significant result justified further analysis to discover the sources of preference 

heterogeneity. Latent class modeling was used to discover the sources of preference 

heterogeneity through incorporating the attitudinal dimensions and individual characteristics as 

explanatory variables.  
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4.1 Analysis of Survey Questionnaire 

4.1.1 Descriptive Statistics of the Participants 

In total, 527 individuals took part in the survey. After applying the data cleaning process 

(described in Chapter 3), 376 valid responses were gained from Saudi students studying in the 

US, who live in different cities in Saudi Arabia. As this research is focusing on those living in 

Riyadh, the analysis was performed on the 156 participants from Riyadh. As displayed in Table 

4.1-1, the sample reflects the population of Saudi students studying abroad. Although the 

frequencies of the sample reflect that of the population and inference on the sample is permitted, 

special care should be taken in making generalizations because of the sampling design employed 

here. 

The sampled participants are 77.6 percent men and 22.4 percent women; 40.4 percent are 

single and 59.6 percent are married. Data on the ages of participants shows that the majority of 

participants are 18 to 40 years old, with only 9 percent above the age of 40. In terms of 

educational level, the participants are almost equally divided between undergraduate (50.7 

percent) and graduate (49.3 percent) students. Participants were asked to indicate the current 

housing type they occupy in Riyadh, and the results show that 48.1 percent live in a villa, while 

the rest live in other housing types. For tenure, the majority of participants either live in their 

parents’ house (46.2 percent) or are renters (38.5 percent). Participants were also asked to 

indicate their locational preference in the city of Riyadh, and the results are almost equally 

divided between those who prefer to live in an urban location (57.7 percent) and those who 

prefer a suburban location (42.3 percent).  
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Table 4.1-1  Descriptive statistics of Riyadh participants (N = 156) 

Variable Category  Number 
% of 

sample 

% of 

populationa 

Gender Male 121 77.6% 78.7% 

 Female 35 22.4% 21.3% 

Age 18–24 30 19.2% - 

 25–29 48 30.8% - 

 30–34 36 23.1% - 

 35–40 28 17.9% - 

 > 40 14 9.0% - 

Marital Status Single 63 40.4% - 

 Married—no children 19 12.2% - 

 1–2 children 43 27.6% - 

 2–4 children 25 16.0% - 

 > 4 children 6 3.8% - 

Education Levelb Undergraduate 79 50.7% 47.5% 

 Master’s 51 32.7% 19.3% 

 PhD 26 16.7% 8.0% 

Saudi Housing Type Villa 75 48.1% - 

 Apartment 54 34.6% - 

 Floor in Villa 23 14.7% - 

 Other 4 2.6% - 

Tenure Own 24 15.4% - 

 Rent 60 38.5% - 

 Live in parent’s house 72 46.2% - 

Locational Preference Urban 90 57.7% 
- 

 Suburban 66 42.3% - 

     

a  
The average percentage, calculated by the author, of Saudi students studying abroad in the years 2007 to 2011 as 

shown in the Ministry of Education report on Higher Education’s Indices in Saudi Arabia (2011). Retrieved on 

June 12, 2017 from: https://www.moe.gov.sa/ar/docs/Doc1/VDMPI022.pdf 
b  

The population percentages do not add up to 100% because the report contains a data category “other” that 

includes those who were studying English as a second language, without distinguishing what educational level 

they hold or are pursuing. Therefore, the “other” variable was not included in calculating the averages here.  
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4.1.2 Determining the Attitudinal Dimensions 

Principal component analysis (PCA) was performed on 12 attitudinal/behavioral 

questions. The decision on the number of components used eigenvalues larger than 1, evaluating 

the scree plot, and item loadings greater than 0.50. Considering the Kaiser–Meyer–Olkin (KMO) 

and Bartlett’s tests, Table 4.1-2 shows the four dimensions that emerged with good adequacy to 

perform a PCA (KMO = 0.62, Bartlett’s chi-square = 235.6, df = 66, p = 0.000). These four 

dimensions account for 54.9 percent of the total variance explained (see Appendix J for 

descriptive statistics of the four factors). Each component represents a dimension and is assigned 

a meaningful label to represent the TOD attitude/behavior it is measuring. The four dimensions 

are interpreted by the author as follows: 

1- Pro-transit: This component accounts for 19.6 percent of the total variance explained. 

Four items loaded into this component that measure one’s attitude toward public transit, 

willingness to use public transit, and favoring of public transit over car dependency.  

2- Pro-densification: This component accounts for 15.2 percent of the total variance 

explained. Four items loaded into this component pertaining to increasing density in 

general, favoring infill developments, and attitude toward mixed-use developments. 

3- Awareness of Sprawl Externalities: This component accounts for 11 percent of the 

variance explained. Two items loaded into this component pertaining to knowledge of the 

relationship between sprawl and traffic congestion and the challenges sprawl poses in 

major Saudi cities.  

4- Pro-cars: This component accounts for 9.1 percent of the variance explained. Two items 

loaded into this component pertaining to car use regardless of the presence of an efficient 

public transportation system or an increase in car-operating costs
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Table 4.1-2  Factor loadings of attitudinal questions 

 Environmental Attitudes 

 

Attitudinal Items  

Pro-transit Pro-densification Awareness of 

Sprawl 

Externalities 

Pro-

cars 

     

Using transit is better than driving in congestion. .761    

I will use transit if it is faster to reach my destination. .733    

Public transit reduces environmental pollution caused by car 

dependence. 
.710    

The future of Saudi cities should be more transit-oriented. .545    

Apartment buildings should be allowed to be more than 3 floors 

high. 
 .744   

Increasing density is one of the solutions to housing demand.  .640   

There are no problems with having stores on the ground floor of 

apartment buildings. 
 .617   

High-density neighborhoods increase social interaction and 

livability of the area. 
 .577   

Sprawl is one of the major challenges facing major Saudi cities.   .781  

Sprawl encourages car dependence and causes congestion.   .745  

I will continue to use my car even if gas prices increase and 

parking fees are imposed. 
   .848 

I will never be able to make it without a car, even if efficient 

public transit is available. 
   .769 

     
% of variance explained 19.6% 15.2% 11% 9.1% 

Total % of variance explained    54.9% 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy    0.618 

Extraction Method: Principal Component Analysis  

Rotation Method: Varimax with Kaiser Normalization 

Rotation converged in five iterations. 
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Reliability of the components that are derived from the PCA was tested for to account for 

the consistency of the items that loaded on each dimension. A well-known and common 

reliability criterion is Cronbach’s alpha, which reflects good reliability in the social sciences if it 

reaches 0.60 at a minimum. However, Cronbach’s alpha is sensitive to the number of items; thus, 

it is normal to see a Cronbach’s alpha that reaches 0.5 if the number of items of a dimension is 

below 10. As the number of items in this research is low, an alternative reliability criterion that 

could be used is the average inter-item correlation (Pallant, 2005). The average inter-item 

correlation ranges between 0.15 and 0.50 (Clark & Watson, 1995), where a score that is below 

0.15 indicates low reliability, and a score above 0.50 indicates redundancy. Table 4.1-3 shows 

that all dimensions extracted from the PCA have a good mean inter-item reliability score.  

 

Table 4.1-3  Inter-item reliability for the four PCA dimensions 

   Cronbach’s α 
Average inter-item 

correlation 

Pro-transit  
 

0.64 
 

0.31 
 

Pro-densification   0.60  0.24  

Awareness of Sprawl Externalities   0.45  0.29  

Pro-cars   0.55  0.38  

 
 

4.2 Overall Preference for TOD Attributes 

The overall preference estimates pertain to the first set of hypotheses, which test for 

preference differences for the five TOD attributes in general, and for socio-demographic 

preference differences for these attributes. Testing these hypotheses is done in three steps. First, 

the attribute-only choice experiment is analyzed using the multinomial logit (MNL) model to test 

for overall preference for the five attributes. Second, several choice experiments are analyzed 



94 

 

with the inclusion of socio-demographic interaction terms with the TOD attributes to test 

whether there are any particular preference differences based on the participants’ characteristics. 

Finally, mean rating differences of the attitudinal dimensions (from the PCA) and several 

proximity preference questions are analyzed using inferential statistics to assess any attitudinal or 

proximity preference differences based on participants’ characteristics.  

4.2.1 Attribute-only Housing Choice 

The visual choice sets presented to the 156 participants from Riyadh were checked for 

presentation biases. To determine whether participants were inclined to choose one photo over 

another solely based on their presentation order, a constant-only MNL model is estimated. The 

analysis consists of comparing the significance and magnitude between the choice (three 

choices) and no-choice (one choice) alternatives. As displayed in Table 4.2-1, all three 

alternatives in the choice set are statistically significant at p < 0.001, and their coefficients are 

relatively equal. This indicates that all three alternatives are statistically different from the no-

choice alternative, and the equal magnitude indicates that they all have the same weight of being 

chosen. Therefore, the assumption of order bias is rejected, and analysis of the choices can be 

made with confidence. 

   

 

 

 

  

Table 4.2-1  ASC-only estimates to check for order bias 

  Coefficient Standard Error t-stat 

Alternative1 1.74*** 0.129 13.53 

Alternative2 1.53*** 0.131 11.69 

Alternative3 1.83*** 0.129 14.34 

*** Significance at the 1% level. 
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Analysis of the multinomial logit model was performed using the NLOGIT 5.0 software 

package. The log-likelihood ratio test (LRT) of the estimated model shows a statistically better 

improvement of the model with the TOD attributes as compared to the base models. The LRT 

statistic is larger than the chi-square critical value of the base model (−2𝐿𝐿 = 543.46; 𝜒5
2 =

11.07; 𝑃 < 0.05).  

A goodness-of-fit estimate of the MNL model is performed quite differently than the 

OLS regression. Due to the non-linearity of the MNL choice assumption, a McFadden’s Rho 

squared (ρ2) (also known as pseudo-R2) provides the same information as the R2 of the OLS 

regression but on a different scale. A goodness-of-fit measure indicates the accuracy of the 

model in predicting the actual choices made in the experiment. McFadden’s Rho squared is a 

ratio of the log-likelihood improvement of the estimated model compared with the null model 

(the no-information model). For the basic MNL model (an overall, attribute-only model without 

interactions or characteristic parameters), the goodness-of-fit estimate shows a good model fit (ρ2 

= 0.157).22 This indicates that an aggregate model has good reproduction power of the choices 

made by participants.  

The constant captures the unobserved choice factors that are not represented by the 

parameters in the model. In other words, the constant represents the average mean (grand mean) 

of the utility that is derived from all alternatives when making a choice. Since it is positive and 

statistically significant, we can conclude that on average people show a positive reaction to 

choosing a housing alternative instead of opting-out. The no-choice option serves as a reference 

                                                 
22According to  Louviere et al. (2000, p. 54), the value of 0.2<ρ2<0.4 is equivalent to 0.7<R2<0.9 as simulated by 

Domencich and McFadden (1975) and is considered to be “indicative of extremely good model fit.” Others, such as 

Hensher, Rose, & Greene (2015, p. 456) recommend a higher range of 0.3<ρ2<0.4, which is equivalent to 0.6<R2 

<0.8 based on their simulations. Yet, in the context of cross-sectional data, the least acceptable model fit is 0.12 

(Breffle & Rowe, 2002). 
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point to understand the choice behavior. Of the choices made, 84 percent were for one of the 

three alternatives, and 16 percent were for the no-choice option.23   

 

Table 4.2-2  Model estimates of the generic MNL model 

  β a t-stat Sig. Attribute 

importance 

    

Constant  1.66 13.74 ***  

Density    18.8% 

   Low density 0.180    

   High density -0.180 -5.86 ***  

Diversity    18.9% 

   Single land use -0.187    

   Mixed land use 0.187 5.75 ***  

Walkability    25.2% 

   Car friendly -0.257    

   Pedestrian friendly 0.257 7.92 ***  

Parks    31.6% 

   Not available -0.309    

   Available 0.309 9.88 ***  

Transit    5.5% 

   Not available -0.062    

   Available 0.062 1.69 **  

     

Model fit statistics     

   LL(β) -1458.36    

   LL(0) -1730.09    

ρ2 0.157    

Adj. ρ2 0.153    

-2LL b 543.46    

Sample     

Number of respondents 156    

   Number of observationsc 1248    

     

***, **, Significance at the 1%, and 5% levels, respectively 
a
 Part-worth utilities are of the same magnitude but opposite signs because of two level effects coding. 

b
 The log-likelihood improvement of the current model from the base model, compared with the chi-square 

critical value at 0.05
 

c Each respondent completed eight choice tasks. 

 

                                                 
23 Probability of choosing one of the alternatives =  

𝑒𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑒𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡+ 𝑒𝑛𝑜−𝑐ℎ𝑜𝑖𝑐𝑒 =  
𝑒1.66

𝑒1.66+ 𝑒0 = 0.840 
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The data collected from participants from other cities shows comparable results. As 

displayed in Table 4.2-3, preference direction and magnitude is almost the same for participants 

from other cities (combined and separately). What can be noticed from the results is that 

preference for transit for those from Jeddah, Dammam, and other cities is not statistically 

different from zero. Even when the result is statistically different from zero at p < 0.05, as in the 

case for Riyadh participants, the coefficient is relatively small. This indicates that participants 

are either indifferent in their preference for transit and zero is the true expression of their 

preference, or that they are equally divided on the two ends (as the choice design is at two 

levels), which caused their preferences to equal out close to zero. The latter assumption indicates 

a possibility for a presence of taste variation that could only be captured through testing for 

preference heterogeneity. 

Table 4.2-3  Model estimates of respondents from different cities of residence  

  All Cities 

 

Riyadh Jeddah Dammam Other 

Part-worth utilities     

Constant 1.83*** 1.66*** 2.28*** 1.53*** 2.02*** 

Density -0.169*** -0.180*** -0.196*** -0.154*** -0.146*** 

Diversity 0.180*** 0.187*** 0.146*** 0.187*** 0.188*** 

Walkability 0.269*** 0.257*** 0.356*** 0.289*** 0.239*** 

Parks 0.254*** 0.309*** 0.276*** 0.293*** 0.155*** 

Transit 0.039* 0.062** 0.037 0.092 -0.012 

Model fit statistics      

    LL(β) -3506.11 -1458.36 -531.53 -423.96 -1078.68 

    LL(0) -4169.97 -1730.09 -665.42 -499.07 -1275.39 

    ρ2 0.159 0.157 0.201 0.150 0.154 

   Number of respondents 376 156 60 45 115 

   Number of observationsa 3008 1248 480 360 920 

      

***, **, * Significance at the 1%, 5%, and 10% levels, respectively  
a Each respondent completed eight choice tasks.  
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4.2.2 Socio-demographic Housing Choice Differences 

The basic MNL model presented above considered only the attributes of the TOD 

profiles to enter the utility function. To further understand preference differences between the 

sampled participants, other characteristics of the sampled participants can be included as 

covariates in the MNL model. Covariates are included in DCEs as interaction terms with the 

TOD design attributes.24 Individual characteristics were combined into binary variables for ease 

of interpretation. It should be noted that the representation of characteristics in unequal 

frequencies (for example, 22.4 percent women vs. 77.6 percent men, or 19.2 percent of 

participants being 24 years old or younger vs. 80.8 percent of participants being above 25 years 

old) should not impose any inconsistency in the analysis results. Weighting individual 

characteristics (exogenous weighting) would only be necessary if the choice results need to 

match true market shares, which is not the case here.25 Furthermore, these frequencies reflect the 

sampling population of Saudi students studying abroad, as shown previously in Table 4.1-1.  

4.2.2.1 Preference Differences by Gender 

The addition of gender to the estimation model did not show any significant differences 

between men and women on any of the TOD attributes. As displayed in Table 4.2-4, the 

magnitude and direction of the TOD attributes remain almost the same as before including 

                                                 
24 See Hensher et al. (2015, pp. 478–483) for examples of other ways to introduce covariates into unlabeled DCEs 

and the rationale for introducing covariates as interaction terms with design attributes.  
25 Sample weighting in DCE is related to the sampling strategy one employs, particularly if one wants to stratify the 

sample to match true market shares. Weighting applies to correct for oversampling in two ways: 1) endogenous 

weighting when it relates to a design attribute—applies when using revealed preference data, and 2) exogenous 

weighting when it relates to an invariant attribute such as individual characteristics—when data on true market 

shares is available (Hensher et al., 2005, pp. 413–420). As this study is exploratory in nature, performs an unlabeled 

DCE, and focuses on an urban typology that does not yet exist (i.e., TOD), no prior market shares are available to 

base stratification of the sample on. Due to the strict sampling strategy employed here, the sample frequencies match 

that of the population of interest (Saudi students studying abroad), as shown in Table 4.1-1. However, weighting 

should only be of concern if one wishes to link the estimates to the actual market shares, but not on the consistency 

of the estimates themselves. For more information on sampling and weighting in DCEs, see Ben-Akiva and Lerman 

(1985, pp. 217–252). 
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gender in the estimation. One exception pertains to the transit attribute, which became 

insignificant. 

Table 4.2-4  Model estimates of gender differences  

  β t-stat 

Part-worth utilities        

Constant 1.62*** 11.45 

Density -0.183*** -4.87 

Diversity 0.178*** 4.64 

Walkability 0.257*** 6.87 

Parks 0.300*** 8.06 

Transit 0.055 1.46 

Interaction (Base = men)   

    Gender * Density -0.005 -0.14 

    Gender * Diversity -0.017 -0.46 

    Gender * Walkability 0.002 -0.04 

    Gender * Parks -0.016 -0.42 

    Gender * Transit -0.014 -0.36 

    Gender opt-outa 0.79 0.56 

Model fit statistics   

    LL(β) -1457.94  

    LL(0) -1730.09  

    ρ2 0.157  

    LL(generic MNL) -1458.36  

   Number of respondents 156  

   % of women 22.4%  
     

*** Significance at the 1% level  

 Each respondent completed eight choice tasks.  

a Added to the utility model to control for the choice/no-choice differences  

 

4.2.2.2 Preference Differences by Age 

After including the age of participants, the model estimates yield significant results on 

preference for transit. The results displayed in Table 4.2-5 show a positive and statistically 

significant interaction between age and transit and suggest that young participants (18–24 years 

old) prefer housing near transit more than older participants. There is a noticeable increase in the 

transit’s coefficient, from being close to zero in the basic MNL model to 0.112 when age was 
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included in the model. Also, the non-nested model improvement test with age yields a significant 

improvement of the model  (𝑧 =  −3.098;  𝑝 < .05).  However, this result is questionable. It 

could be observed that the dummy of age in the opt-out alternative is very high and significant. 

This dummy controls for choosing vs. not choosing and was added to isolate the differences 

between age groups in the three choice alternatives. This suggests that younger participants are 

less likely to choose the opt-out alternative than older participants.  

Table 4.2-5  Model estimates of age differences  

  β t-stat 

Part-worth utilities        

Constant 2.01*** 9.27 

Density -0.159*** -3.99 

Diversity 0.191*** 4.67 

Walkability 0.260*** 6.61 

Parks 0.347*** 8.69 

Transit 0.122*** 3.01 

Interaction (ref. 25 years & older)   

    Age * Density 0.034 0.78 

    Age * Diversity 0.004 0.09 

    Age * Walkability 0.006 0.15 

    Age * Parks 0.060 1.51 

    Age * Transit 0.096** 2.38 

    Age opt-outa -0.483** -2.23 

Model fit statistics   

    LL(β) -1450.56  

    LL(0) -1730.09  

    ρ2 0.162  

    LL(generic MNL) -1458.36  

    Model improvement testb -3.098**  

    Number of respondents 156  

    % of young respondents 19.2%  

     

***, **, Significance at the 1% and 5% levels, respectively 

 Each respondent completed eight choice tasks. 

a Added to the utility model to control for the choice/no-choice differences  

b  Non-nested model improvement test. The asterisk represents the rejection significance level as 

derived from the z table. 
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4.2.2.3 Preference Differences by Marital Status 

The addition of marital status to the estimation model shows a statistically significant 

difference between married and single participants in their preference for transit (p < .001). As 

shown in Table 4.2-6, the inclusion of marital status results in a good model fit (ρ2 = 0.161), and 

the non-nested model improvement test shows a statistically significant improvement in the 

model (𝑧 = −2.828;  𝑝 < .05). With the inclusion of marital status in the model, the attribute for 

transit became insignificant. The insignificance of the transit attribute suggests the possibility of 

taste variation yet to be discovered. Taste variation could be resulting from the participants being 

equally divided with regard to the attribute on the ends of the attribute’s two levels.  

4.2.2.4 Preference Differences by Locational Preference 

In the survey questionnaire, the participants indicated whether they preferred to live in an 

urban or suburban setting. This variable was used as an explanatory variable in the analysis to 

determine whether preference for TOD attributes is different between participants based on their 

locational preference. The introduction of locational preference as covariates, displayed in Table 

4.2-7, shows that those who prefer urban locations have a statistically significant positive 

preference toward higher density and transit (p < .05). The estimated model shows a statistically 

significant model improvement (𝑧 = −4.228;  𝑝 < .001), and a good overall model fit (ρ2 = 

0.164). The transit attributes became insignificant, similar to the previous findings, which might 

indicate a possibility of taste variation yet to be discovered.  
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Table 4.2-6  Model estimates of marital status differences  

  β t-stat 

Part-worth utilities        

Constant 1.70*** 13.12 

Density -0.175*** -5.51 

Diversity 0.181*** 5.52 

Walkability 0.244*** 7.71 

Parks 0.370*** 9.67 

Transit 0.045 1.42 

Interaction (ref. single)   

    Married * Density -0.024 -0.77 

    Married * Diversity 0.029 0.88 

    Married * Walkability 0.060* 1.91 

    Married * Parks 0.019 0.59 

    Married * Transit 0.084*** 2.61 

    Married opt-outa 0.160 1.24 

Model fit statistics   

    LL(β) -1451.90  

    LL(0) -1730.09  

    ρ2 0.161  

    LL(generic MNL) -1458.36  

   Model improvement testb -2.828**  

   Number of respondents 156  

   % of married respondents 59.6%  

     

***, **, * Significance at the 1%, 5%, and 10% levels, respectively 

 Each respondent completed eight choice tasks. 

a Added to the utility model to control for the choice/no-choice differences 

b  Non-nested model improvement test. The asterisk represents the rejection significance level as derived 

from the z table. 
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Table 4.2-7 Model estimates of locational preference differences  

  β t-stat 

Part-worth utilities        

Constant 
1.64*** 13.3

2 

Density -0.192*** -6.00 

Diversity 0.183*** 5.59 

Walkability 0.261*** 8.21 

Parks 0.314*** 9.88 

Transit 0.044 1.38 

Interaction (ref. suburban)   

    Urban * Density 0.076** 2.39 

    Urban * Diversity 0.049 1.50 

    Urban * Walkability -0.003 -0.08 

    Urban * Parks -0.006 -0.19 

    Urban * Transit 0.116*** 3.59 

    Urban opt-outa -0.184 -1.50 

Model fit statistics   

    LL(β) -1446.42  

    LL(0) -1730.09  

    ρ2 0.164  

    LL(generic MNL) -1458.36  

   Model improvement testb -4.228***  

   Number of respondents 156  

   % of urbanite respondents 57.70%  

     

***, **, Significance at the 1% and 5% levels, respectively 

 Each respondent completed eight choice tasks. 

a Added to the utility model to control for the choice/no-choice differences  

b  Non-nested model improvement test. The asterisk represents the rejection significance level as derived 

from the z table. 
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4.2.3 Socio-demographic Attitudinal and Proximity Preference Differences  

To better understand the differences in attitudes among participants, several mean 

difference analyses were performed. Mean comparison analysis is concerned with investigating 

whether there are any statistically significant differences in TOD attitudes among different socio-

demographic groups. The analysis is done on the four PCA dimensions and seven proximity 

preference questions. Independent variables were combined into two levels, and mean 

differences on these binary variables were compared using an independent sample t-test analysis.  

4.2.3.1 Attitudinal Differences by Educational Level 

The independent sample t-test shows that there is a statistically significant mean 

difference between the two educational-level groups on their awareness of sprawl externalities t 

(154) = -2.22, p = 0.028, d = 0.36. The results show that participants with a graduate degree (M = 

4.22, SD = 0.82) have a statistically and significantly higher tendency to be aware of sprawl 

externalities than those with an undergraduate degree (M = 3.94, SD = 0.72).  

 

 

 

Table 4.2-8  Attitudinal differences by educational level 

 t-test Mean Comparison 

 t-score Sig Undergraduate Graduate 

     

Pro-transit - - - - 

Pro-densification - - - - 

Awareness of sprawl externalities -2.22 0.028 3.94 4.22 

Pro-cars - - - - 
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4.2.3.2 Attitudinal Differences by Saudi Housing Type 

Housing types were combined in a binary variable to compare those who live in a villa 

with other housing types. An independent sample t-test shows that those who live in a villa (M = 

4.30, SD = 0.70) have a statistically significant less positive attitude toward public transit than 

those who live in other housing types (M = 4.52, SD = 0.46), t (127) = 2.32, p = 0.022, d = 0.37. 

The degrees of freedom were adjusted from 154 to 127 due to a significant Levene’s test of 

variance homogeneity [F = 9.13, p = 0.003].  

 

4.2.3.3 Attitudinal Differences by Locational Preference 

An independent sample t-test shows that there is a statistically significant difference in 

pro-transit attitude between those who prefer to live in urban locations or suburban locations       

t (108) = 2.19, p = 0.031, d = 0.38. Levene’s test of variance homogeneity shows a significant 

result; therefore, the degrees of freedom were adjusted from 154 to 108 [F = 10.25, p = 0.002]. 

On average, urbanites score higher in their pro-transit attitude (M = 4.51, SD = 0.48) than 

suburbanites (M = 4.29, SD = 0.70). 

 

Table 4.2-9  Attitudinal differences by Saudi housing type 

 t-test Mean Comparison 

 t-score Sig Villa Other 

     

Pro-transit 2.32 0.022 4.30 4.52 

Pro-densification - - - - 

Awareness of sprawl externalities - - - - 

Pro-cars - - - - 
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4.2.3.4 Proximity Differences by Marital Status 

An independent sample t-test shows a statistically significant difference between 

participants of different marital statuses on their preference for proximity to relatives t (154) =    

-2.57, p = 0.011, d = 0.33. Those who are married (M = 3.43, SD = 0.99) are statistically 

significantly more likely to consider proximity to relatives important than those who are single 

(M = 2.97, SD = 1.24).  

Table 4.2-10  Attitudinal differences by locational preference 

 t-test Mean Comparison 

 t-score Sig Urban Suburban 

     

Pro-transit 2.19 0.031 4.51 4.29 

Pro-densification - - - - 

Awareness of sprawl externalities - - - - 

Pro-cars - - - - 

     

  

Table 4.2-11  Proximity differences by marital status 

 t-test Mean Comparison 

 t-score Sig Single Married 

     

Proximity to shops & restaurants - - - - 

Proximity to parks - - - - 

Proximity to public transit - - - - 

Proximity to work - - - - 

Proximity to schools - - - - 

Proximity to relatives -2.57 0.011 2.97 3.43 

Proximity to shopping malls - - - - 
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4.2.3.5 Proximity Differences by Locational Preference 

An independent sample t-test shows that those who prefer an urban location (M = 3.84, 

SD = 0.98) statistically significantly consider proximity to transit more important than those who 

prefer a suburban location (M = 3.30, SD = 1.26), t (118) = 2.90, p = 0.004, d = 0.49. The 

degrees of freedom were adjusted from 154 to 118 due to a significant Levene’s test of variance 

homogeneity [F = 6.36, p = 0.013].  

 

4.2.3.6 Proximity Differences by Age 

An independent sample t-test shows a statistically significant difference between younger 

participants (18 to 24 years old) and older participants (above 24 years old) in their preference to 

be in close proximity to transit and to work. Younger participants show a higher preference to be 

located near transit (M = 4.03, SD = 1.03) than the older participants (M = 3.52, SD = 1.14),         

t (154) = 2.27, p = 0.025, d = 0.47. In terms of proximity to work, older participants (M = 3.37, 

SD = 1.06) show more mean preference to be in close proximity to their workplace than those 

who are young (M = 2.73, SD = 1.23), t (154) = -0.28, p = 0.005, d = 0.87.  

Table 4.2-12  Proximity differences by locational preference 

 t-test Mean Comparison 

 t-score Sig Urban Suburban 

     

Proximity to shops & restaurants - - - - 

Proximity to parks - - - - 

Proximity to public transit 2.90 0.004 3.84 3.30 

Proximity to work - - - - 

Proximity to schools - - - - 

Proximity to relatives - - - - 

Proximity to shopping malls - - - - 
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4.2.3.7 Proximity Differences by Saudi Housing Type 

An independent sample t-test shows a statistically significant mean difference between 

participants who live in different Saudi housing types in their preference for being in close 

proximity to public parks. Those who live in villas (M = 3.31, SD = 1.22) are less concerned with 

proximity to parks than those living in other housing types (M = 3.81, SD = 1.04), t (146) = 2.79, 

p = 0.006, d = 0.44. The degrees of freedom were adjusted from 154 to 146 due to a significant 

Levene’s test of homogeneity of variance [F = 4.25, p = 0.41]. 

Table 4.2-13  Proximity differences by age 

 t-test Mean Comparison 

 t-score Sig 18–24 years old ≥ 25 years old 

     

Proximity to shops & restaurants - - - - 

Proximity to parks - - - - 

Proximity to public transit 2.27 0.025 4.03 3.52 

Proximity to work -2.84 0.005 2.73 3.37 

Proximity to schools - - - - 

Proximity to relatives - - - - 

Proximity to shopping malls - - - - 

  

Table 4.2-14  Proximity differences by Saudi housing type 

 t-test Mean Comparison 

 t-score Sig Villa Other 

     

Proximity to shops & restaurants - - - - 

Proximity to parks 2.79 0.006 3.31 3.81 

Proximity to public transit - - - - 

Proximity to work - - - - 

Proximity to schools - - - - 

Proximity to relatives - - - - 

Proximity to shopping malls - - - - 
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4.3 Preference Variation for TOD Attributes  

The second set of hypotheses pertains to testing whether preference heterogeneity (taste 

variation) exists among the participants, and whether the attitudinal dimensions (lifestyle) could 

explain this variation. In this research, the mixed logit (ML) model will be used to investigate 

whether there is evidence of preference heterogeneity and to discover its sources. If the 

preference heterogeneity assumption is confirmed, further analysis will proceed with the latent 

class (LC) model to classify people into homogeneous clusters that best describe their residential 

preference. 

4.3.1 Testing for Preference Heterogeneity Using Mixed Logit Analysis 

An ML model was estimated to test whether there is evidence of preference heterogeneity 

for the five TOD attributes. The coefficient of each design attribute was specified to be random 

(allowed to vary for each individual), but the opt-out alternative was specified to be fixed to 

stabilize the estimation. Furthermore, the choices made by an individual were allowed to be 

correlated (panel data), as it is logical to assume that an individual’s choices are not independent 

from each other. Each design attribute is expressed with the coefficient (representing the mean) 

and a standard deviation of the parameter (representing taste variation). A significant standard 

deviation of an attribute indicates that there is preference heterogeneity with regard to that 

attribute. Conversely, an insignificant standard deviation of an attribute indicates an absence of 

taste variation and that it is best represented by the mean.  

The ML model output, displayed in Table 4.3-1, shows a high overall model fit when 

compared with the standard logit model, and it provides a statistically significant improvement in 

the estimation model (−2𝐿𝐿 = 408.10; 𝜒1
2 = 3.84;  𝑝 < .05). Furthermore, the coefficients are 

larger than those of the MNL model, which indicates that the ML model is  
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superior to the MNL model in its ability to decompose parts of the unobserved parts of the utility 

function via random parameters (Revelt & Train, 1998). Most importantly, all standard 

deviations are statistically significant at p < .001. Significant standard deviations lead to the 

conclusion that the sample participants are indifferent in their preferences toward all TOD 

attributes.  

Table 4.3-1  Mixed logit model estimates  

  β t-stat 

Part-worth utilities        

Constant 0.996*** 7.38 

Density -0.295*** -4.04 

Diversity 0.290*** 3.83 

Walkability 0.451*** 6.07 

Parks 0.579*** 6.65 

Transit 0.081 0.70 

Standard deviations   

    Density 0.695*** 7.94 

    Diversity 0.684*** 7.50 

    Walkability 0.620*** 6.91 

    Parks 0.832*** 8.71 

    Transit 1.216*** 10.48 

Model fit statistics   

    LL(β) -1254.31  

    LL(0) -1730.09  

    ρ2 0.275  

    LL(generic MNL) -1458.36  

    -2LLa 408.10**  

   Number of respondents 156  

   Number of observationsb 1248  

     

***, **, Significance at the 1% and 5% levels, respectively 

a The log-likelihood improvement, compared with the chi-square critical value at 0.05 

b Each respondent completed eight choice tasks. 
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Discovering sources of heterogeneity in ML could be done by allowing heterogeneity 

around the mean through using individual characteristics as covariates in the model. However, as 

discussed earlier, an LC model is favored over an ML model for further analysis. It should be 

noted, however, that the coefficient of transit appears to be not statistically different from zero, 

which indicates that people’s preferences do appear on the extremes of the attribute levels (zero 

in the effects coding represents the average for all observations, as the sum of all levels for an 

effects-coded attribute equals zero). 

4.3.1.1 Discovering Sources of Heterogeneity 

  The mixed logit (ML) model was used to discover the sources of heterogeneity by 

introducing socio-demographic characteristics and attitudinal dimensions as interactions. The 

interaction terms allow for discovering heterogeneity around the mean—that is, heterogeneity in 

mean preferences for individuals based on their characteristics and attitudinal ratings. After 

several iterations, the only significant parameters were marital status (being single or married) 

and two attitudinal dimensions: pro-transit and pro-densification. As displayed in Table 4.3-2, 

the model shows a significant improvement from the model with attributes only, and the model 

fit increased to ρ2 = 0.289. After introducing the interactions, the density and transit attributes 

show statistically significant and negative estimates at p < .001, while walkability shows a 

statistically significant and positive estimate at  p < .05. The results of density and walkability 

are consistent with previous models; however, after including transit attitudes, there seems to be 

substantial heterogeneity in preference for proximity to public transit. On the other hand, 

diversity of land use and proximity to parks are not statistically different from zero, but they 

show a statistically significant standard deviation at p < .001, which means that their contributing 



112 

 

effect in housing choice should be examined in tandem with attitudes and deviation from the 

mean.  

 The interaction terms vary in their significance and direction with different attributes. 

Participants who demonstrate an above-average pro-transit attitude show high preference toward 

the transit attribute, as expected. However, they show an aversion toward mixed land use and no 

significant heterogeneity around the mean of other attributes. Additionally, those who show an 

above-average pro-densification attitude have a statistically significant positive preference for 

density, diversity of land use, and public transit at p < .001. It seems that the proximity of public 

transit is not necessarily associated with all TOD attributes, such as diversity of land use, but 

there are different groups of people who only favor transit for accessibility purposes and another 

group of people who see the value of having more than one TOD attribute in choosing where to 

live. The last interaction was for those who are currently married, who show a statistically 

significant and positive preference toward walkability as compared to those who are currently 

single at p < .05.
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Table 4.3-2  Mixed logit with interactions 

 
β 

(t-stat) 

Standard Deviation 

(t-stat) 

Pro-transit 

(t-stat) 

Pro-densification 

(t-stat) 

Marital Status 

(t-stat) 

Part-worth utilities      

Constant -.995*** 

(7.36) 

Fixed Fixed Fixed Fixed 

Density -1.587*** 

(-3.01) 

0.566*** 

(8.08) 

 0.218*** 

(2.84) 

 

Diversity 0.627 

(1.10) 

0.651*** 

(7.25) 

-0.275** 

(-2.37) 

0.284*** 

(3.34) 

 

Walkability 1.245*** 

(2.12) 

0.593*** 

(7.35) 

  0.173** 

(2.42) 

Parks 0.442 

(0.69) 

0.897*** 

(8.62) 

  0.137* 

(1.65) 

Transit -4.350*** 

(-5.16) 

1.111*** 

(9.79) 

0.685*** 

(4.43) 

0.437*** 

(3.43) 

 

Model fit statistics      

    LL(β) -1230.82      

    LL(0) -1730.09      

    ρ2 0.289      

    Adj. ρ2 0.274      

    Model improvement testa -5.655***      

    Number of Respondents 156      

    Number of Observationsb 1248      

***, **, * Significance at the 1%, 5%, and 10% levels, respectively 
a  Non-nested model improvement test. The asterisk represents the rejection significance level as derived from the z table. 
b
 Each respondent completed eight choice tasks. 
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4.3.2 Testing for Preference Heterogeneity using Latent Class Analysis 

As the assumption of preference heterogeneity is confirmed by the ML analysis, the 

following section will discuss an attempt to discover the sources of preference heterogeneity. To 

test whether lifestyle influences housing choice, according to the framework presented in 

Chapter 3, two LC analyses will be performed: one with only TOD attributes, and the other with 

covariates of individual characteristics and attitudes toward a number of issues related to living 

in a TOD. Thus, this process will start with defining the number of latent classes for the model, 

estimating the first LC model with TOD attributes only, performing factor analysis of attitudinal 

questions, and estimating an LC model with TOD attributes and significant covariates.  

Determining the number of classes is a process of comparing the Bayesian information 

criterion (BIC), McFadden’s Rho squared, and the adjusted Rho squared, which penalizes for the 

number of parameters. Choosing the number of classes entails making a decision while 

considering a closer to zero BIC score (Bhat, 1997) and adequate Rho squared, and taking into 

consideration intuitive behavioral interpretability of the classes (Walker & Li, 2007). Table 4.3-3 

shows an overview of eight LC models’ results, and they all appear to be superior to the one-

class MNL model in terms of improvement in the log-likelihood, BIC, and model fit. Although 

the Akaike information criterion (AIC) is closer to zero in the model of seven classes, the model 

with four classes based on the BIC, as shown in Figure 4.3-1, is the one chosen. Following 

Walker and Li (2007), choosing the number of classes is done after considering all the above-

mentioned criteria, and most importantly, providing meaningful behavioral interpretability of the 

classes. 
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Table 4.3-3  Model fit for different latent classes 

Classes K LL AICa BICb ρ2 Adj. ρ2 

            1 (MNL) 6 -1458.3 2928.7 2959.5 0.157 0.154 

2 13 -1339.3 2704.7 2771.4 0.226 0.223 

3 20 -1281.4 2602.8 2705.4 0.259 0.256 

4 27 -1260.5 2537.5 2676.0 0.282 0.277 

5 34 -1216.9 2501.9 2676.3 0.296 0.290 

6 41 -1198.6 2479.1 2689.4 0.307 0.299 

7 48 -1189.2 2474.3 2720.5 0.327 0.304 

Model fit results as provided by NLOGIT 5.0, where the estimates use N = the number of observations, not the 

number of participants.  
a AIC = - 2*(LL(B) - parameters) 
b BIC = - 2*LL(B) - (ln(N) * parameters) 

 

 

 

 

 

 

 

 

 

 

Figure 4.3-1  Bayesian information criterion for multiple numbers of classes. 
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4.3.2.1 Attribute-only Latent Class Model 

 The LC model of only the TOD attributes is estimated using four classes. As displayed in 

Table 4.3-4, the majority of the sampled population is likely to belong to the first class, and the 

rest are likely to belong to the other three classes: 59.8 percent for Class 1, 10.4 percent for Class 

2, 17.2 percent for Class 3, and 12.5 percent for Class 4. Those belonging to the first two classes, 

as opposed to the other classes, show a positive and statistically significant constant at p < .05, 

meaning that they tend to prefer to choose one of the alternatives instead of opting out.  

4.3.2.2 Latent Class Model with Explanatory Variables 

Multiple LC models were estimated and were compared in terms of the log-likelihood 

improvement. These models were tested with socio-demographic information and then with the 

attitudinal components to determine the significance of both in determining class membership. 

Only one attitudinal dimension (pro-transit) appears to be significant, and one of the socio-

demographic variables (marital status) is significant. Thus, the final LC model with TOD 

attributes and covariates only contains the three significant covariates (Table 4.3-5). The 

probability distribution of belonging to each of these classes was slightly adjusted from the 

previous model due to the inclusion of additional explanatory variables to be 55.8 percent in 

Class 1, 16.4 percent in Class 2, 8.2 percent in Class 3, and 19.6 percent in Class 4. The final LC 

model (LL = -1236.27, k = 33) was compared with the LC model with the attributes only (LL = -

1260.53, k = 27) using a non-nested model improvement test and shows a statistically significant 

improvement (z = -6.521; p < .001). The goodness of fit statistic shows an increase of the model 

fit to  ρ2 = 0.285. As displayed in Table 4.3-6, this model is able to predict 72.8 percent of the 

choices participants had made with precision.   
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Table 4.3-4  Attribute-only latent class model  

 
Class 1 Class 2 Class 3 Class 4 

 
β  

(SE) 
t-stat 

β 

 (SE) 
t-stat 

β  

(SE) 
t-stat 

β  

(SE) 
t-stat 

Part-worth utilities         

Constant 4.31*** 

(0.778) 

5.54 3.21*** 

(1.05) 

3.05 -1.78*** 

(0.620) 

2.87 -0.764* 

(0.431) 

-1.77 

Density -0.018 

(0.050) 

-0.37 -1.14*** 

(0.229) 

-4.98 -0.277** 

(0.123) 

-2.24 -0.071 

(0.136) 

-0.52 

Diversity 0.288*** 

(0.075) 

3.83 0.529*** 

(0.155) 

3.42 -0.045 

(0.146) 

-0.31 -0.234 

(0.160) 

-1.46 

Walkability 0.393*** 

(0.047) 

8.40 0.024 

(0.151) 

0.16 0.092 

(0.149) 

0.61 0.405*** 

(0.141) 

2.86 

Parks 0.470*** 

(0.093) 

5.04 0.007 

(0.160) 

0.05 0.419*** 

(0.155) 

2.70 -0.064 

(0.239) 

-0.27 

Transit 0.412*** 

(0.055) 

7.53 0.081 

(0.173) 

0.47 -1.47*** 

(0.234) 

-6.26 0.057 

(0.172) 

0.33 

Probability of 

class membership 
59.8%  10.4%  17.2%  12.5% 

 

Model fit statistics         

LL(β) -1260.53        

LL(0) -1730.09        

LL(generic MNL) -1458.36        

ρ2 0.271        

Adj. ρ2 0.256        

-2LLa 395.66**        

Respondents 93  16  27  20  

Observationsb 744  128  216  160  

***, **, * Significance at the 1%, 5%, and 10% levels, respectively. 
a The log-likelihood improvement of the LC model from the attribute-only MNL model, compared with the chi-

square critical value at 0.05 

b Each respondent completed eight choice tasks. 
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Table 4.3-5  Latent class model with covariates  

 
Class 1 Class 2 Class 3 Class 4 

 
β  

(SE) 
t-stat 

β 

 (SE) 
t-stat 

β  

(SE) 
t-stat 

β  

(SE) 
t-stat 

Part-worth utilities         

Constant 5.282*** 

(1.087) 

4.86 1.629*** 

(0.413) 

3.94 -1.481*** 

(0.497) 

-2.98 1.950*** 

(0.398) 

4.90 

Density -0.185*** 

(0.042) 

-4.40 0.186 

(0.122) 

1.52 -0.291 

(0.212) 

-1.37 -0.407*** 

(0.099) 

-4.10 

Diversity 0.370*** 

(0.045) 

8.26 -0.159* 

(0.093) 

-1.72 0.092 

(0.223) 

0.410 0.053 

(0.178) 

0.30 

Walkability 0.414*** 

(0.042) 

9.88 0.075 

(0.108) 

0.70 0.762** 

(0.297) 

2.57 0.082 

(0.148) 

0.55 

Parks 0.515*** 

(0.042) 

12.39 -0.224** 

(0.109) 

-2.06 0.393** 

(0.155) 

2.53 0.285*** 

(0.107) 

2.66 

Transit 0.261*** 

(0.045) 

5.83 0.791*** 

(0.119) 

6.67 -0.226 

(0.298) 

-0.76 -1.231*** 

(0.130) 

-9.43 

 

Covariates 
 

 
 

 
 

 
  

   Constant 
-2.111 

(1.597) 

-1.32 -5.774** 

(2.808) 

-2.06 -3.680 

(3.922) 

-0.94 0 
 

   Pro-transit 
0.721* 

(0.377) 

1.91 1.280** 

(0.623) 

2.05 0.646 

(0.882) 

0.73 0 
 

   Married (ref. Single) 
0.718*** 

(0.271) 

2.65 0.123 

(0.382) 

0.32 0.688 

(0.484) 

1.42 0 
 

 

Probability of 

class membership  
55.8%  16.4%  8.2%  19.6%  

Model fit statistics         

    LL(β) -1236.27        

    LL(0) -1730.09        

    ρ2 0.285        

    BIC 2707.80        

Model improvement 

 testa 
-6.521***        

    Respondents 87  30  8  31  

    Observationsb 696  240  64  248  

***, **, * Significance at the 1%, 5%, and 10% levels, respectively 
a Non-nested model improvement test. The asterisk represents the rejection significance level as derived from the z 

table. 

b Each respondent completed eight choice tasks. 
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Table 4.3-6  Actual vs. predicted latent class choices 

 Choice 1 Choice 2 Choice 3 Opt-out Total 

Choice 1 303 22 80 0 405 

Choice 2 43 198 87 0 328 

Choice 3 59 32 353 0 444 

Opt-out 10 2 4 55 71 

Total 415 254 524 55 1248 

Actual vs. predicted choices = (303+198+353+55)/1248 = 72.8% 

 

 

4.4 Summary 

This chapter presented the empirical results of the experiments conducted to test the 

research hypotheses. The results show that there was sufficient evidence to reject all the null 

hypotheses. The attribute-only MNL model provided evidence of an overall preference 

difference for the five TOD attributes. The MNL models with covariates and attitudinal 

dimensions show statistically significant differences for TOD attributes and attitudinal 

dimensions among participants based on their socio-demographic characteristics. Additionally, 

the ML model results provide sufficient evidence to support the conclusion that preference 

heterogeneity exists in the seemingly homogeneous sample of participants. This heterogeneity 

was discovered by both an ML model and an LC model. Finally, the inclusion of attitudinal 

dimensions and individual characteristics in the LC model shows a great model fit and 

description of the participants in homogeneous discrete classes based on their transportation 

preference and residential lifestyle. These results will be thoroughly discussed in the following 

chapter, and a connection with findings from the literature will be established.   
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Chapter 5: Interpretation and Discussion 

5.0 Introduction 

This chapter presents an interpretation and discussion of the findings presented in the 

previous chapter. Interpretation of results, a discussion of findings, and linkage with existing 

literature will be presented simultaneously for each statistical test following the sequence of 

Chapter 4. In doing so, this chapter is organized into two main sections. The first section relates 

to the aggregate evaluation of overall residential preference. This section starts with a discussion 

of the findings of the generic MNL analysis of the discrete choice experiment (DCE) as they 

relate to overall housing preference. Then it discusses overall preference differences between 

individuals based on their socio-demographic characteristics. Preference differences between 

individuals are discussed in light of the DCE and attitudinal questions.  

The second section relates to the findings of preference heterogeneity. This section starts 

by discussing the results of the mixed logit (ML) model and the latent class (LC) model. More 

emphasis is placed on the LC model result, as it helps to understand latent lifestyle classes that 

exist among the sampled participants, with which the decision to live in MFH in a TOD could be 

understood. Following the identification of lifestyle classes, simulations of multiple development 

scenarios representing multiple policy interventions are evaluated to understand choice behavior 

and the influence of each lifestyle class’s preference on housing choice. The chapter ends by 

establishing a connection between transit-induced residential self-selection (RSS)—as it relates 

to residential preference—and the decision to live in a TOD.  
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5.1 Overall Preference for TOD Attributes 

The first set of null hypotheses proposed in this research relates to preference differences 

for the five TOD attributes and preference differences among participants based on their socio-

demographic characteristics. Discussion of these results is organized into two sub-sections: the 

attribute-only housing choice and socio-demographic housing preference differences.  

Before interpreting the results, it is important to note that the MNL estimates of different 

attributes cannot be compared directly in terms of their magnitude (Lancsar & Louviere, 2008).  

Attribute estimates are estimated as a function of the position of the attribute level on a utility 

scale (Lancsar, Louviere, & Flynn, 2007). In other words, the different levels between different 

attributes do not have the same representative distance between them. For example, the 

difference between low-density and high-density buildings does not have the same scale 

difference as having transit present or absent. Thus, comparison of preference between different 

attributes needs to be performed on a comparable scale.26 However, comparing coefficients in 

terms of relative importance is commonly performed to rank-order the attributes in a way that 

represents the magnitude of each attribute in making a choice decision relative to others that 

were presented in the choice experiment (e.g., Molin, 2011; Walker & Li, 2007). Therefore, the 

following sub-sections will rely on discussing the significance and direction (positive or 

negative) of each attribute, and they will use the attributes’ relative weights to rank-order the 

importance of each attribute. Logit transformation of coeffecients into choice probabilities will 

be done later in this chapter to interpret the results of more complex model outputs, i.e., the 

latent class (LC) model.  

                                                 
26 Different methods for comparing different attributes are provided in Lancsar, Louviere, & Flynn (2007), and 

marginal effects and elasticities are thoroughly explicated in Hensher et al. (2015). However, these methods are case 

specific, where, for example, some methods require orthogonality, and others needs a continuous variable such as 

price. A commonly used comparative scale is choice probability, which will be used later in this research, as it 

yields informative and interpretable outcomes in unlabeled choice experiments. 
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5.1.1 Attribute-only Residential Choice 

The results of the generic MNL model, displayed in Table 4.2-2, show a negative 

estimate for density (β = - 0.180, p < .001), while other attributes are positive statistically 

significant. These results suggest that there is an overall appeal of TOD attributes among 

participants, with an overwhelming preference for low density. These results are consistent with 

the literature on housing preference for lower density, regardless of the housing type (Cervero & 

Bosselmann, 1998; Howley, Scott, & Redmond, 2009; Morrow-Jones et al., 2004; Shaw, 1994; 

Talen, 2001). This finding challenges the efforts promoted by planners and proponents of TODs 

to densify developments on transit nodes, as higher density is a major component in the success 

of TODs that would generate higher transit ridership.  

It appears that on average people prefer to live in low-density walkable neighborhoods in 

close proximity to public parks and transit. However, the attribute of land use mix shows an 

interesting result. Contrary to the preferred suburban typology that features single land use 

(Duany, Plater-Zyberk, & Speck, 2001), mixed land use shows a positive parameter estimate. It 

appears that households in multifamily housing do value having services nearby. This finding is 

consistent with Cervero & Bosselmann (1998), who found that higher density households valued 

proximity to services more than lower density households.  

As for the importance of these attributes to the participants, proximity to public parks and 

being in a walkable neighborhood appears to be very important (31.6 percent and 25.2 percent 

relative importance, respectively), but being close to public transit is of little importance (5 

percent relative importance). Figures 5.1-1 and 5.1-2 show the two most preferred alternatives 

and least preferred alternatives, respectively. These alternatives are calculated with respect to the 

total utility points derived from the sum of part-worth utilities of all attributes. The most highly 
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preferred alternative is low density, mixed use, walkable, and with parks and transit. This 

alternative represents the optimal combination of attributes on average for all participants. The 

second most preferred alternative is similar, except that it does not have transit. On the other 

hand, the least preferred alternative is high density with all the other attributes absent, and the 

second least preferred alternative contains the high-density and transit attributes only. 

Public transportation is the core component of a TOD. Yet, the low relative importance of 

transit and the negative preference for higher density adds to the complexity of planning efforts 

to promote public transit ridership and reduce car travel rates and car dependency in Riyadh. 

This brings up the question of Lund (2006) of whether people choose to live in TODs because 

they are attracted to transit or whether they develop transit affection after they move, as well as 

the issues raised by Chatman (2013) of whether transit is seen as an amenity that is good to have 

nearby but not necessarily the major attribute of choosing to live in a TOD. These critical 

questions cannot be addressed by simply viewing overall preferences, as complexities that 

underlie housing preference would be masked through aggregation. The following sections will 

delve into eliciting residential preference in more detail and will revisit these questions later in 

the chapter through multiple development scenario evaluations using a sensitivity analysis of the 

estimated results.  
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Figure 5.1-1  Overall highly preferred alternatives. The most preferred alternative (top): 

low-density MFH with all attributes present. The second most preferred alternative 

(bottom): low-density MFH with all attributes present except for public transit. 
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Figure 5.1-2  Overall least preferred alternatives. The least preferred alternative (top) is 

high density and has no other attributes present. The second least preferred alternative 

(bottom) has only the high-density and public transit attributes. 
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5.1.2 Socio-demographic Preference Differences 

To account for preference differences among participants with different individual 

characteristics, the analysis includes two main methods. First, several MNL models were 

estimated for the choice tasks with the addition of individual characteristics to better understand 

MFH preference differences for TOD attributes. Individual invariant characteristics were 

included as interactions with each attribute; however, few show statistically significant estimates. 

Before turning to a detailed discussion of these models, one might notice that after introducing 

individual characteristics as covariates, the attribute of transit in these models becomes 

statistically insignificant. This demonstrates that the introduction of more explanatory variables 

in the MNL model causes overall preference for the transit attribute to change its significance 

from the overall generic MNL results presented earlier. An insignificant attribute could have two 

possible interpretations (Molin, 2011): 1) It might indicate that people do not value that attribute 

when choosing among alternatives, causing its part-worth utility to not statistically differ from 

the grand mean, or, 2) it could be that people do know what they prefer and they are equally 

divided on the two ends in a way that the value of their aggregate preference for an attribute 

cancels out around the grand mean.  

Second, several attitudinal and proximity preference statements were rated by 

respondents and were tested for overall mean differences. Out of the 18 attitudinal statements, 12 

were loaded into four components using principal component analysis (PCA), representing 

underlying dimensions derived from these statements. These dimensions are labeled by the 

researcher as they represent the following: pro-transit attitude, pro-densification attitude, 

awareness of sprawl externalities, and pro-car attitude. Additionally, seven proximity preferences 

were presented to assess participants’ preference for being close to several destinations when 
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deciding where to live. As expected from a homogenous sample, few showed statistically 

significant mean differences. The mean comparison results of the four attitudinal components 

show statistically significant overall mean differences between participants on educational level 

(undergraduate vs. graduate), Saudi housing type (villa vs. other housing types), and locational 

preference (urban vs. suburban). There were no statistically significant gender, age, or marital 

status differences. For the seven proximity items, only the Saudi housing type, age, locational 

preference, and marital status (single vs. married) characteristics show statistically significant 

differences. 

Before discussing the results, the sample of participants used herein might raise concerns 

of multicollinearity given the sampling frame. In fact, multiple Kendall’s tau correlation tests 

were conducted, and the results show that few individual characteristics are correlated with each 

other (Appendix K). Most notable are the moderate and positive correlations between age and 

marital status, r (156) = .493, < 0.001, and between age and education, r (156) = .417, p < 

0.001. Also, there is a negative and weak correlation between Saudi housing type and both age 

and marital status, r (156) = - 0.182, p = 0.024, and r (156) = - 0.202, p = 0.012, respectively. 

These correlations are not surprising given the sampling frame that included only students, which 

yields correlation directions that are consistent with expectations. For example, older participants 

tend to be pursuing higher educational degrees and are more likely to be married than younger 

participants. Additionally, a cross-tabulation between marital status and age reveals that 71 

percent of those 25 and older are married, compared to 10 percent of those who are 24 and 

younger (Appendix L). Yet, univariate mean differences did not show significant results between 

the attitudinal and proximity preference for the same correlated independent variables. In other 
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words, while age and marital status are correlated, only one of them showed a significant mean 

difference on the dependent variable. 

 Studies that use a homogenous sample sometimes arbitrarily drop out the variable that 

correlates with few other independent variables above a certain threshold. For example, 

Nijënstein, Haans, Kemperman, and Borgers (2014) did drop a few socio-demographic variables 

that showed more than |r| > 0.3 in their study on students’ preference for on-campus housing in 

the Netherlands. In this dissertation, however, the researcher did not only rely on correlation 

results but also tested for multicollinearity using the variance inflation ratio, and the results 

showed very high tolerance levels and low variance inflation ratios as defined by Howell (2012). 

Therefore, the researcher considered all individual characteristics and estimated them separately 

without imposing partial control, as there was minimal risk of spurious relationships.  

5.1.2.1 Socio-demographic Residential Choice Differences 

Only three individual characteristics show significant interaction results with TOD 

attributes, while locational preference (urban vs. suburban) is the only parameter that shows a 

statistically significant interaction with density, as illustrated in Tables 4.2-5, 4.2-6, and 4.2-7. 

As intuitively expected, those who prefer urban locations (suburban locations) show a relative 

increase (decrease) in part-worth utility derived from high density (βurban*density = .076, p < .05). 

However, lower density is still most preferred for both groups, as it increases overall utility 

compared to high density. On the other hand, the transit attribute shows a statically significant 

relationship with locational preference, age (below 24 years old vs. above), and marital status 

(single vs. married). The locational preference interaction shows a large (small) magnitude of 

transit preference for those who prefer to live in an urban (suburban) location (βurban*transit = .116, 

p < .01). This finding corresponds with existing literature and with the expectation that urbanites 
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are more inclined to prefer public transit and favor higher densities than their suburban 

counterparts. However, the added part-worth utility from the interaction between urban and 

density is minimal in that its contribution would not shift the direction of the part-worth utility 

for the housing alternative with high density. On the other hand, the magnitude of the interaction 

between urban and transit is relatively large, indicating that those who prefer a suburban location 

would receive a greater disutility from choosing an alternative with transit than an alternative 

that is higher in density, all else being equal.27  

The interaction between the age of a participant and transit shows a positive and 

statistically significant estimate. This indicates that younger (older) participants have a positive 

(negative) part-worth utility from choosing a housing alternative with transit (βage*transit = .096, p 

<.05). Younger participants show less inclination for opting out from the choice tasks when 

compared with older participants, as indicated by the coded variable that controls for age and 

opting out (βage*opt-out = - .483, p < .05). In other words, older participants appear to be more 

decisive when making a choice and are more likely to opt out instead of choosing a good-enough 

alternative when none of the alternatives is preferred.  

The last significant interaction is between transit and marital status. The interaction 

shows that participants who are currently married (single) are more (less) likely to derive a 

positive (negative) part-worth utility from transit (βmarried*transit = .084, p < .01). A plausible 

explanation is that married participants value being close to an efficient transportation system, 

for themselves and their family members, which could result in more time with the family 

instead of commuting for long distances.  

                                                 
27 This interpretation is not for the purpose of determining the likelihood of choosing one alternative over another 

but is to describe the additive part-worth utility contribution of the interaction effect to the overall utility of a 

housing alternative, all else being equal, following the procedure in (Louviere et al., 2000, p. 336). A probabilistic 

representation of the attributes in terms of choice probabilities is presented later in the chapter for the latent class 

model output.  
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5.1.2.2 Socio-demographic Attitudinal and Proximity Preference Differences  

Among the four attitudinal dimensions derived from the PCA, only two dimensions and 

four proximity preferences appear to have significant mean difference ratings between different 

individual groups. These are as follows: 

Pro-transit attitude shows significant overall differences based on the individual’s current 

housing type and locational preference. Housing type was analyzed as a binary variable (villa vs. 

other housing types) to represent those whose current housing type in Riyadh is a villa and those 

residing in other housing types. The attitude of those living in villas appears to be significantly 

less favorable toward public transit than those who live in other housing types. Also, there is a 

statistically significant difference in pro-transit attitude between people with different locational 

preferences (urban vs. suburban). The attitude toward public transportation is more favorable 

among those who prefer an urban location compared to those who prefer a suburban setting. 

What can be derived from these two findings is that past residential experience could be related 

to one’s future attitudes and preferences. Yet, there is no significant correlation between an 

individual’s current housing type and their locational preference. The finding here suggests that 

people tend to prefer what is familiar to them, in accordance with the “historical deposition” 

assumption of the influence of prior experience (Chen, Chen, & Timmermans, 2009). This is also 

supported by the finding of no significant difference between any of the individual 

characteristics on the pro-car attitude, which should represent the opposite of the pro-transit 

attitude. As Riyadh residents are highly car-dependent and public transportation systems are still 

under construction (at the time this research was conducted), prior transit-mode experience 

contributes to the continuation of private cars being—and possibly continuing to be—the main 

mode of transportation even when one is inclined to use public transit.  
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Awareness of sprawl externalities shows a significant mean rating difference between 

participants of different educational levels (undergraduate vs. graduate), where the more 

educated a person is, the more likely he/she is to comprehend the environmental consequences of 

limitless sprawl. However, one’s educational level did not translate into a positive attitude 

toward public transit or dense urban form. Results from the Pearson correlation (Appendix K) 

between educational level and pro-transit attitude, r (156) = .076, p = .343, and with pro-

densification attitude, r (156) = .063, p = .436, did not show significant correlations. Although 

the highly educated individuals seem to be more aware of sprawl externalities, their 

environmental awareness does not necessarily form a nexus to more environmentally guided 

attitudes and preferences. It appears that when it comes to choosing one’s house, a utility 

maximization process takes place where the living arrangement externalities are themselves 

externalized and viewed as distant from one’s own preference. Although this research did not 

test the hypothesis of pre- and post-intervention with regard to the environmental effects of 

sprawl, the finding here raises concerns with regard to the researcher’s bias toward other housing 

preference research findings (see, for example, Cervero & Bosselmann, 1998) and whether these 

findings would only coax participants to adhere to sustainable alternatives during the survey or 

whether they would translate into actual housing choices in real life. 

Proximity to transit shows significant preference rating differences based on locational 

preference (urban vs. suburban) and age (below 24 years old vs. 25 and older). Those who prefer 

an urban setting do have an overall higher preference for proximity to transit than those who 

prefer a suburban location. This finding is consistent with the pro-transit attitude and with the 

expectation that urbanites are more likely to be inclined toward public transportation. Age 

differences also show a higher preference toward proximity to transit among those who are 



132 

 

below 24 years old. This result is consistent with the finding of age differences in the MNL with 

age interactions (discussed above), where younger participants, all else being equal, tend to 

receive a higher part-worth utility from transit than older participants. However, age differences 

did not show a significant difference in transit attitudes, which points to a potential conflict 

between an individual’s tendency to use transit and one’s preference for only having it nearby 

without necessarily using it. This conflict is at the core of self-selection in TOD literature (see, 

for example, Cao & Cao, 2014; Cao, 2015; Cervero, 2007; Mokhtarian & Cao, 2008) and will be 

investigated by using latent class analysis later in this chapter.  

Proximity to relatives shows a significant overall preference rating difference based on marital 

status (single vs. married). Those who are currently married show a higher preference for 

relocating within close proximity to relatives than those who are currently single. A further 

analysis that included the number of children was tested and did not show a statistically 

significant difference.  

Proximity to work shows a significant overall preference rating difference based on age (below 

24 years old vs. 25 and older). It appears that older participants prefer closer proximity to work 

than younger participants. A possible explanation is that older participants value their time more 

and do not want to spend it on long commutes, and younger participants do not have any work 

experience, thus making them oblivious to the value of work proximity. However, with the 

results of preference for transit presented earlier, it is not possible to conclude with confidence 

whether these commutes would be done using a car or public transit.  

Proximity to public parks shows a significant overall preference difference based on the current 

housing type one dwells in Riyadh (villa vs. other housing types). People whose current housing 

type is other than villas appear to prefer proximity to parks more than villa dwellers. A possible 
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explanation is that those who live in a villa are more likely to have an open space that is private 

within their dwelling. On the other hand, those who live in other housing types are likely to be 

deprived of greenery and open space within their housing unit and thus have a higher preference 

for parks to be nearby. The result here contradicts the one presented earlier in the MNL with 

interactions, as the latter did not show any significant interactions between dwelling type and the 

public parks attribute. It appears that the abstract meaning of having an open space is readily 

present for those who are deprived of it, yet it is still equally important for both groups when 

they are put to choose among alternatives.  

Most of the individual characteristics tested for the housing choices and attitudes point to 

the importance of the public transit attribute for diverse participants’ segments. When tested 

separately, however, those who are currently married (mostly older) and those who are young 

(mostly single) show a high preference for the transit attribute in their choices, but only young 

participants show a preference for having public transit within close proximity, and neither show 

differences in their attitudes toward public transit. These findings might seem contradictory, but 

they point to the multiplicity of housing preference, especially for public transit. They also 

highlight the potential risk of reaching misleading conclusions that stem from aggregation, for 

the purpose of generalizing preference findings using individual characteristics alone. This 

proposition is also supported by the finding of preference differences between urbanites and 

suburbanites, a categorical variable that represents a mix of individuals of a variety of 

characteristics, which indicates that people of different characteristics might have similar 

preferences. This proposition will be presented in the following section, where preference 

hetrogeniety is first tested for, and then sources of this hetrogeniety are discovered.  
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5.2 Preference Variation for TOD Attributes  

The assumption of homogeneous preferences was tested using two analytical models: the 

mixed logit (ML) model and the latent class (LC) model. These models are superior to the MNL 

model, which is bounded by strict assumptions as described in detail in Chapter 3. The ML and 

LC models each have strengths and weaknesses, and the decision to rely on either one depends 

on the task at hand (Greene & Hensher, 2003). In this research, the ML model is used to test the 

hypothesis of the presence of preference heterogeneity, and both ML and LC models are used to 

understand sources of preference heterogeneity by incorporating attitudinal dimensions and 

individual characteristics in the estimation. Both models allow for a panel effect (allowing 

correlations of choices made by the same individual); however, the LC model is more suitable 

for the purpose of this research because it allows an understanding of preference heterogeneity 

through discrete categories (class memberships), as opposed to the continuous representation of 

the ML model. The following section provides an interpretation of the results with a discussion 

from both models. As an urban designer, greater emphasis is placed on the LC model results, as 

the discrete segmentation proves to be fruitful for the purpose of this research and better for 

understanding the phenomenon at hand. Testing several planning policy interventions will be 

based on the final LC model results.  

5.2.1 Testing for Preference Heterogeneity using Mixed Logit Analysis 

Preference heterogeneity was tested using the ML model in two steps; the first was to test 

for the existence of preference heterogeneity, and the second was to discover the sources of this 

taste variation. The attribute-only ML estimate, displayed in Table 4.3-1, shows that all attributes 

have a significant standard deviation at p < .001, which means that preference heterogeneity for 

the five TOD attributes does exist. The coefficients for the attributes have similar directions to 
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that of the MNL model, where all show positive and statistically significant coefficients at p < 

.001, except for transit. A close examination of the statistically significant standard deviations 

shows that all attributes contribute to preference heterogeneity; however, most of the observed 

heterogeneity is attributed to the transit attribute as indicated by having the largest standard 

deviation of all attributes (SD = 1.216, p < .001). It seems that housing preference in the sampled 

population is affected, for the most part, by the presence or absence of the transit attribute near 

their house. This finding could explain the surprisingly low relative importance of the transit 

attribute found in the generic MNL results, and it suggests that people are divided in their 

preference for public transit and that this is what caused its aggregate estimate to be low.  

To discover the sources of these preference variations, several individual characteristics 

(demographic and attitudinal dimensions) were incorporated into the ML model as covariates. 

The inclusion of covariates helps to explain the observed heterogeneity around the mean for each 

of the TOD attributes, where a significant covariate means that it contributes to explaining 

preference heterogeneity for that attribute. After several iterations of including parameters 

separately and collectively, the final ML model with covariates includes pro-transit attitude, pro-

densification attitude, and the current marital status of the participant as significant explanatory 

variables. These variables contribute to explaining the observed heterogeneity for all TOD 

attributes at p < .05, except for parks at p < .10.  

The parameter estimates, displayed in Table 4.3-2, show that preference heterogeneity for 

each attribute is explained by one or a combination of individual characteristics. Preference for 

density shows a negative sign, but it depends on one’s attitude toward density (pro-density 

attitude). Since the pro-densification attitude is measured on an ordinal scale (ranging from 1 to 

5), the utility range difference between those who have a very positive attitude toward density (5 
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* 0.218 = 1.09) and those who have a very negative attitude toward density (1 * 0.218 = 0.218) is 

0.872 utility points toward choosing a high-density housing alternative, all else being equal. For 

the walkability attribute, the results show that it is significant for almost all participants, and 

none of the two attitudinal dimensions contribute to explaining preference differences for it. 

However, it seems that those who are currently married receive an additional 0.173 utility points 

as compared to those who are currently single. Although this is considered a small, yet 

significant, contribution to the overall utility, those who are currently married seem to be more 

sensitive to having a walkable alternative than others. They are also likely to gain additional 

utility points from having parks nearby, although the results show that this difference is 

significant at p < .10. At the same time, the overall significance for the parks attribute is not 

significant. This indicates that although there is significant preference heterogeneity toward 

parks (significant standard deviation), the current individual characteristics included in this 

research failed to discover its sources. It appears that other individual characteristics that were 

not incorporated in this study foster the observed preference heterogeneity.  

Interesting results appear for the diversity of land use and transit attributes in relation to 

the two attitudinal dimensions: pro-transit and pro-density. Both attributes show that the 

observed preference heterogeneity for them is explained by the two attitudes toward transit and 

density. The transit attribute shows that those who have a positive attitude for both transit and 

density will have additional utility points from choosing an alternative that has transit. This is 

consistent with the expectation that those who have a positive attitude toward densification and 

transit are more likely to be urban-oriented and would likely prefer transit. However, a 

controversy appears for the diversity attribute, which is negatively related to one’s attitude 

toward transit but is positively related to one’s attitude toward more density. The results show 



137 

 

that diverse land use is preferred by those who have a positive attitude toward density and a 

negative attitude toward transit. This finding suggests that within a TOD, the land-use 

configuration is viewed differently by different people, and one should not generalize an urban 

setting holistically.  

5.2.2 Testing for Preference Heterogeneity using Latent Class Analysis 

The latent class model uses a probabilistic approach to classify unobserved heterogeneity 

in a discrete manner. In doing so, each class has its own parameter estimates, as in the MNL 

model, that are relevant for each class. Individual characteristics can also be included as 

covariates to provide additional information on segmenting people into different classes (i.e., 

defining the probability of belonging to a class for different individuals). The estimation, similar 

to the ML model, allows the correlation of choices made by an individual with each other (panel 

effect).  

In this research, an LC model for the TOD attributes only is performed first, and then an 

LC model with individual characteristics is estimated. As the number of classes is determined a 

priori, as described in Chapter 3 and in iteration results shown in Chapter 4, the optimal number 

of classes that best fit the data and provide meaningful interpretation was found to be four 

classes. Taking into consideration that the attribute-only LC model is estimated solely from the 

choice tasks made by the respondents, labeling these classes with meaningful tags will be 

performed on the final model with covariates. The difference between the attribute-only LC 

model and the LC model with covariates is that the latter includes an additional segmentation 

clue to re-estimate the probability of belonging to a class. 

The attribute-only LC model, displayed in Table 4.3-4, shows that almost 60 percent of 

the sampled participants are described by the first class, where the rest are equally divided in the 
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other three classes. Class 1 shows that all attributes are positive and statistically significant 

except for density. This means that those belonging to Class 1 prefer all the attributes of TODs, 

with a minimal disutility from higher density. On the other hand, Class 2 and Class 3 show a 

statistically significant negative value for density at p < .05; however, the magnitude of density 

in Class 2 is four times that of Class 3. What seems to be of concern to those belonging to Class 

2 is low density and land use mix. Those in Class 3 are more concerned with being away from 

transit and close to parks. A possible explanation is that those belonging to Class 3 prefer a 

suburban-like living arrangement that is single-use, quiet, and close to nature. None of the 

attributes is statistically significant for Class 4 except the walkability attribute. This implies that 

those most likely to belong to Class 4 are only concerned with having sidewalks in their 

neighborhood that are not necessarily associated with accessibility. This LC model shows that 

there is preference heterogeneity, captured by different class estimates, but it does not provide 

insight on the sources of this heterogeneity.  

5.2.2.1 Latent Lifestyle Classes and Housing Preference 

Similar to the ML model presented earlier, another LC model was estimated that includes 

individual characteristics as covariates. Following the research framework employed herein, 

individuals’ characteristics and attitudinal dimensions were used to define the latent lifestyles of 

participants and their influence on housing choice (analogous to Walker & Li, 2007). The 

covariates that were shown to be insignificant to at least one class membership were deleted and 

the model was then re-estimated. The final model contains the same four classes as defined a 

priori based on the best model fit criterion, but the parameter estimates are slightly modified due 

to the addition of covariates. The results, displayed in Table 4.3-5, show the new parameter 

estimates and the significant covariates that account for the observed heterogeneity. Only two 
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covariates appear to have an association with class segmentation: pro-transit attitudes and the 

current marital status of the participant (married vs. single). It should not be surprising that only 

a few individual characteristics appear to influence the probability of class membership, 

especially with the strict sampling used here that resulted in a seemingly homogeneous sample of 

participants. In fact, some results from using the LC model in other preference studies have 

found as little as one significant covariate although their sample was more diverse than what is 

used here (for example, Molin & Maat, 2015).   

The LC model estimation with covariates resulted in a redistribution of the sampled 

participants into the four classes. Similar to the attribute-only LC model, the majority of the 

participants are likely to belong to the first class, while the rest are distributed into the other three 

classes: 55.8 percent for Class 1, 16.4 percent for Class 2, 8.2 percent for Class 3, and 19.6 

percent for Class 4. All the classes, except for Class 3, show a positive and statistically 

significant constant at p < .001, which indicates a positive likelihood of choosing among the 

housing alternatives instead of opting out. The largest constant value is for Class 1, which 

indicates that people in this class would gain a great part-worth utility just by choosing an 

alternative, which they tend to do more frequently. On the contrary, the constant for Class 3 is 

negative and statistically significant at p < .001, which indicates that people who belong to this 

class tend to opt out instead of choosing one of the alternatives. Additionally, the inclusion of 

covariates gives more insight on the choice behavior of the sampled participants. Covariate 

estimates for Class 4 are normalized to zero to perform the analysis; thus, class membership 

covariates for the first three classes are interpreted relative to Class 4. These classes, representing 

different lifestyles, are labeled by the researcher as follows: 
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Class 1 (TOD lifestyle): Members of Class 1 show a statistically significant value of 

marital status at p < 0.001 and thus are more likely to be married than those in Class 4. Their 

attitude toward transit is positive and only significant at p < .10, which is reflected in the positive 

and statistically significant transit attribute at p < .001. In addition to valuing proximity to 

transit, class membership estimates show statistically significant estimates for low density, 

diversity, walkability, and parks at p < .001. It seems that members of this class value all the 

TOD attributes except for density.  

Class 2 (transit-oriented lifestyle): Members of Class 2 are not defined by marital status 

but rather comprise both married and single individuals. The pro-transit covariate shows a 

positive and statistically significant value at p < .05, which means that members of this class are 

more likely to have a positive attitude toward public transit than those in Class 4. This is also 

reflected in the estimate of the transit attribute, which shows a statistically significant positive 

value at p < .001 and has the highest positive magnitude among all the classes. Members of this 

class appear to not value having parks or diverse land use in their neighborhood. They are also 

indifferent with regard to density and walkability, and they appear to only value accessibility. 

Class 3 (rejectionists): Members of Class 3 are not different from Class 4 in any of the 

covariates, which means that members of this class consist of a variety of people in terms of 

marital status and public transit attitude. Members of this class appear to only value walkability 

and having parks, which show statistically significant positive estimates at p < .05. The most 

remarkable characteristic of members of this class is their high tendency to opt out, as indicated 

by the statistically significant and negative constant at p < .001. It seems that members of this 

class are mostly unsatisfied with the alternatives presented to them.  
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Class 4 (suburban car-oriented lifestyle): Members of Class 4 are likely to be single and 

have a negative attitude toward public transportation (as they differ from those of Class 1 and 

Class 2). The TOD parameter estimates show a statistically significant negative estimate for 

density and transit at p < .001, and a statistically significant positive estimate for parks at p < 

.001. Other attributes did not show statistically significant estimates. It seems that members of 

this class are car-oriented suburbanites, who value less density and being near greenery and away 

from public transit. 

The findings here are in accordance with recent literature that demonstrates the existence 

of latent classes with distinct preferences (Liao, Farber, & Ewing, 2015; Lu, Southworth, 

Crittenden, & Dunham-Jones, 2015; Rid & Profeta, 2011; Walker & Li, 2007). In fact, two of the 

lifestyle classes found here (i.e., transit-oriented lifestyle and car-oriented lifestyle) correspond to 

the lifestyle classes found by Walker and Li (2007). Segmenting participants into discrete classes 

allows for a better understanding of the conflicting results, discussed earlier in this chapter, that 

relate to proximity to public transit and public parks, as they can now be understood in light of 

one’s lifestyle.  

Lifestyle has been determined by only two factors: one’s attitude toward public transit 

and one’s current marital status. The latter factor was not expected, as the categorization of 

people by their current marital status has an extra level of complexity that is not found in other 

countries. The majority of MFH in Saudi Arabia only allows those who are married to live there, 

as there are separate apartment buildings for those who are single (only men) that do not adjoin 

MFH for families. During the survey administration, however, those who indicated being single 

were instructed to make their choices as they would if they got married, and a popup box with 

the instructions was shown to them before proceeding with the choice experiment. Any 
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differences detected between the two groups could be due to factors not accounted for—to intra-

familial factors not yet experienced by those who are single, or to true preferences by those who 

are currently single on their housing aspirations for future housing choices. Nevertheless, any 

differences derived here between these two groups could only be attributed to one’s preference 

and choice for MFH, not singles’ apartment living. A better understanding of housing preference 

could be derived from evaluating the predicted choice behavior for these four lifestyle classes. 

Multiple development scenarios are evaluated below, each representing a policy intervention 

level. 

5.3 Sensitivity Analysis of Possible Development Scenarios 

In the previous sections, the estimated parameters were only used to understand the effect 

of each attribute’s level on the overall utility of choosing an alternative. As the part-worth utility 

contribution of an attribute is unitless (expressed as utility points), a meaningful interpretation of 

preference in reference to a change in attribute levels cannot be derived without incorporating a 

logit transformation (transforming the estimated parameters into choice probabilities relative to 

changes in attribute levels). Different methods are commonly used to extrapolate meaningful 

behavioral interpretations, some of which include marginal effect (for categorical variables), 

elasticity (for continuous variables), and sensitivity analysis (see Hensher, Rose, & Greene, 

2015, for a detailed description and application using NLOGIT). Since this research uses an 

unlabeled DCE without a price attribute, a sensitivity analysis seems to be the only applicable 

transformation. A sensitivity analysis is an ex-ante prediction that is performed by simulating 

choice probabilities for different policies through evaluating competing alternatives to 

understand the what-if policy intervention for different scenarios. A meaningful behavioral 
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interpretation could then be derived in terms of predicted percentage of choice probability 

change due to attribute level manipulations.  

Performance of a what-if policy evaluation needs to follow policy selection criteria to 

limit the number of possible policies to be compared, as the total number of possibilities is 

immense. In doing so, the researcher set forth five policy intervention scenarios that, to an 

extent, correspond to the TOD stage of development typologies (De Vos et al., 2014) presented 

in Chapter 2.  The first two policy interventions are compared with the status quo. The status quo 

represents the base alternative of MFH as currently found in Riyadh, which consists of three-

story buildings without any of the other attributes present. Therefore, the first two base 

alternatives were selected to understand the trade-off mechanism that is anticipated to take place 

if no intervention was made (business-as-usual scenario), and if the provision of increasing 

density took place. The scenarios are as follows: 

1- No intervention: In this scenario, no site improvement takes place. The alternative 

scenario represents a by-product MFH that happens to be close to public transit. The 

alternative scenario differs from the base scenario in having transit nearby. 

2- Increasing density: In this scenario, the alternative scenario reflects a policy of 

increasing density of buildings near transit. The alternative scenario will be six-story 

buildings in addition to having transit nearby.  

Almost all attributes, except density, contribute positively to the overall utility; thus, 

adding them to the alternative scenario is pointless, as the choice probabilities would 

undoubtedly be higher for the alternative. Therefore, the remaining attributes will be introduced 

in two competing TODs that differ in density. 

3- Low-density TOD vs. high-density TOD: In this scenario, the base alternative is a 

three-story MFH building, walkable, mixed use, and transit accessible, whereas the 

alternative scenario has the same attributes but with six stories.  
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The attribute for parks was not included in the previous evaluations. Including parks 

within a TOD seems to only matter in the case of new developments, not for existing ones. If an 

area is already built, it is extremely unlikely that a planning policy would be made to acquire and 

then demolish existing buildings to create a park. Therefore, it seems reasonably fair to only 

include parks as a function for ameliorating high density in two competing TOD alternatives. 

The following scenario is evaluated: 

4- Low-density TOD vs. high-density TOD with public parks: In this scenario, the base 

alternative is a three-story MFH building, walkable, mixed use, and transit accessible. 

The alternative scenario has the same attributes but with six-stories and a public park.  

Lastly, an evaluation that is relevant in the discussion of TOD literature relates to 

comparing the concept of TOD to New Urbanism. Because the two concepts, to some extent, 

share similar physical attributes, the presence of transit could be a distinguishing feature between 

the two. This evaluation corresponds with Chatman (2013) as to whether TOD preference is not 

dependent on the transit component but on the other attributes, and planning efforts should 

encourage density, mixed-use development, and walkability beyond the half-mile radius 

pedestrian shed of a TOD. Therefore, the following scenario is evaluated: 

5- High-density TOD vs. a New Urbanist development: In this scenario, the base 

alternative consists of all the attributes, whereas the alternative is similar but without 

transit.  

It should be noted that the prediction estimates discussed below are hypothetical in nature 

and are performed under the assumption of constrained choice. In other words, the probabilities 

derived from the estimates assume that no alternatives are available to the individual other than 

what is presented. Although this is a very strict assumption, it could yield insight on the 

predicted choices among competing alternatives that would reflect the trade-off people are 

expected to make.  
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Scenario1: No Intervention 

The overall choice probabilities indicate that 41.4 percent of the sampled participants would 

choose the alternative option compared to 49.5 percent for the base alternative, and 9.1 percent 

are predicted to opt out. Figure 5.3-1 shows the choice probabilities for different classes. Given 

the assumption that these are the only available alternatives, members of Class 4 (suburban car-

oriented lifestyle) seem to favor the base alternative due to their sensitivity to public 

transportation. On the other hand, members of Class 1 (TOD lifestyle) and Class 2 (transit-

oriented lifestyle) show probabilities of 62.30 percent and 77.87 percent, respectively, for 

choosing the alternative scenario over the base alternative. Due to the unmet preference of other 

attributes for members of Class 1, there is still more than one-third who would choose the base 

alternative.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

Figure 5.3-1  Predicted choice probabilities for Scenario 1. The status quo (base) vs. an 

alternative with public transit only. 
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Figure 5.3-2  Development alternatives for Scenario 1. The status quo (top) vs. an alternative 

with transit only (bottom). 
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Figure 5.3-3  Predicted choice probabilities for Scenario 2: The status quo (base) vs. an 

alternative with transit and density. 

 

Scenario 2: Increasing Density 

In this scenario, the overall choice probabilities are 52.4 percent for the status quo alternative and 

37.2 percent for the alternative option with higher density, with 10.4 percent likely to opt out. 

Increasing density alone seems to lead more people to choose the option that is less dense. With 

the exception of Class 2 (public transit-oriented lifestyle), Class 1 (TOD lifestyle) seems to be 

relatively accepting of living in higher density MFH when transit is present. On the other hand, 

Class 4 (suburban car-oriented lifestyle) displays an extreme tendency to choose the status quo 

alternative, as both high density and public transportation are the opposite of their preferred 

environmental setting (Figure 5.3-3).  
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Figure 5.3-4  Development alternatives for Scenario 2. The status quo (top) vs. an alternative 

with transit and density (bottom). 
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Figure 5.3-5  Predicted choice probabilities for Scenario3. Low-density TOD (base) vs. high-

density TOD (alternative), neither with a public park. 

 

Scenario 3: Low-density TOD vs. High-density TOD (neither has a public park) 

The overall choice probabilities for this scenario are 52.1 percent for the low-density TOD 

alternative and 38 percent for the high-density TOD alternative, with 9.9 percent predicted to opt 

out. Participants belonging to Class 1 (TOD lifestyle) and Class 4 (suburban car-oriented 

lifestyle) seem to have close choice probabilities of choosing the lower density TOD alternative. 

The difference between the two appears in the probability of opting out, which is trivial for Class 

1 (0.15 percent) and relatively high for Class 4 (20.71 percent). Compared with earlier scenarios, 

Figure 5.3-5 shows that members of Class 3 (rejectionists) seem to have a lower probability of 

opting out. Having either a low- or high-density TOD seems to lead some of the members of 

Class 3 to choose an alternative. Having public transit in both scenarios seems to be favorable for 

members of Class 2 (transit-oriented lifestyle), and the proportion choosing the higher density 

alternative—which resembles more of an urban setting—is higher, as expected.  
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Figure 5.3-6  Development alternatives for Scenario 3. Low-density TOD (top) vs. high-density 

TOD (bottom), neither with a public park. 
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Figure 5.3-7  Predicted choice probabilities for Scenario 4. Low-density TOD without a public 

park (base) vs. high-density TOD with a public park (alternative). 

Scenario 4: Low-density TOD without a Public Park vs. High-density TOD with a Public Park 

In this scenario, the overall choice probabilities are 37.9 percent for the low-density TOD 

alternative, 53.5 percent for the high-density TOD with a public park alternative, and 8.6 percent 

are predicted to opt out. The high number of choice shares for the alternative option suggests that 

having a green open space could mitigate the negative effect of higher density, and the 

alternative that has higher density draws more choice shares than the assumed preferred option of 

a low-density TOD. Choice probability segmentation by class membership shows the importance 

of public parks as an attribute. Aside from reducing the opting-out percentage for members of 

Class 3 (rejectionists), two-thirds of the members of Class 1 (TOD lifestyle), who constitute the 

majority of participants, seem to be willing to accept higher-density living if parks are nearby. 

Members of Class 4 (suburban car-oriented lifestyle) show a wide choice share distribution; yet 

the low-density housing option is predicted to attract around half of the predicted choice 

probabilities. This variation is lower for members of Class 2 (transit-oriented lifestyle), who see 

both alternatives as equally attractive because they both have public transit nearby (Figure 5.3-

7).  
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Figure 5.3-8  Predicted choice probabilities for Scenario 3. Low-density TOD (top) vs. high-

density TOD with a public park (bottom). 
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Scenario 5: TOD vs. New Urbanist Alternatives 

The overall choice probabilities are 50.8 percent for the TOD alternative, 43.5 percent for the 

New Urbanist alternative, and 5.7 percent are predicted to opt out. This result indicates that the 

overall acceptance of density, diversity, and design attributes are relatively equivalent and not 

highly dependent on the presence of public transit. The presence of public transit seems to 

positively influence the housing choices for members of Class 1 (TOD lifestyle) and Class 2 

(transit-oriented lifestyle) in choosing the TOD alternative. On the contrary, those belonging to 

Class 4 (suburban car-oriented lifestyle) show a very low likelihood of choosing the TOD 

alternative. This arrangement of alternatives appears to lower the tendency for members of Class 

3 (rejectionists) to opt out (Figure 5.3-9).   

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Figure 5.3-9  Predicted choice probabilities for Scenario5. TOD (base) vs. New Urbanist 

development (alternative), both with a public park. 
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     Figure 5.3-10  Development alternatives for Scenario 5. TOD (top) vs. New Urbanist 

development (bottom), both with a public park. 
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The estimated predicted choice probabilities for the scenarios appear to correspond to 

one’s lifestyle. Presenting multiple scenarios seems to be beneficial for understanding expected 

choice behavior in the case of a shortage of supply. As Goetgeluk (2011) depicts, unpreferred 

houses are likely to be occupied by residents when their preferred alternatives are not realized in 

the market, as in Scenario 1, but they will likely lead to low housing satisfaction. In these 

scenarios, providing both TOD and New Urbanist developments seems to yield the lowest 

overall opt-out percentage. Remarkably, the percentage of the rejectionists was also the lowest 

recorded percentage.  

Residential Self-selection of TODs 

An important aspect that determines an individual’s choice behavior appears to be one’s 

lifestyle, as determined by marital status and attitude toward transit. This finding corresponds 

with the existing literature on travel-induced residential self-selection (RSS). As presented in 

Chapter 2, RSS implies that individuals choose to select housing alternatives that work with their 

lifestyle, specifically defined in the TOD literature as their attitude toward transit mode (Cao, 

2015; Kamruzzaman et al., 2015; Mokhtarian & Cao, 2008; Smith & Olaru, 2013). The 

consequence of RSS is heavily linked with residential satisfaction, as the match or mismatch 

between one’s preferred and available housing leads to consonant and dissonant households 

(Kamruzzaman et al., 2013; Michelson, 1977), which in turn is reflected in the functional success 

of TODs as measured by the increase in transit ridership rates and the reduction in car ownership 

rates and annual vehicle miles traveled. Following the assumptions of planned behavior on the 

relationship between attitude and predicted behavior (Ajzen, 2002), the results here suggest that 

those who belong to Class 1 (TOD lifestyle) show a high probability of living in a TOD but are 

not necessarily going to be as heavily dependent on public transit as those in Class 2 (transit-
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oriented lifestyle). As the class segmentation suggests, the attitude toward public transit is more 

positive among those in Class 2, while Class 1 has a mix of people of both negative and positive 

attitudes toward public transit.  

To better understand the effect of RSS in light of the two covariates—as it is expected 

that housing choices are made in accordance with lifestyle—the estimated predicted probabilities 

for class shares given one’s current marital status and public transit attitude are calculated from 

the final LC model. These results are interpreted as the probability of belonging to a particular 

class given one’s attitudinal level for transit and current marital status. Most of the estimated 

probabilities, displayed in Table 5.3-1, are in accordance with expectation. For example, those 

who are currently married and have a high attitudinal level for public transit are more likely to 

belong to Class 1 (TOD lifestyle) than to other classes. However, in the case of having a low 

attitudinal level, there will still be around one-third who would belong to Class 1 and would 

choose a TOD alternative as depicted in the above-evaluated scenarios, yet they are the ones who 

are more likely to depend on cars in their travel. Living near transit lines while having car-

ownership rates and annual vehicle miles traveled (VMT) similar to households living away 

from public transit is an issue that is of ongoing investigation in the TOD literature (Brown & 

Werner, 2008; Cao & Cao, 2014; Lund, 2006). 

A closer examination of those who are currently single and have a high attitudinal level 

toward public transit reveals a high probability of belonging to either Class 1 (TOD lifestyle) or 

Class 2 (transit-oriented lifestyle), but there is still a probability of around 20 percent of 

belonging to Class 4 (suburban car-oriented lifestyle). It seems that even when some participants 

view public transit as positive, they still value choosing an environment that enables them to use 

their cars in their daily commute, and this auto-dependency has a stronger effect on defining their 
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lifestyle and future housing choices. This finding should not be viewed negatively, as previous 

research has shown that car users who have a positive attitude toward public transit are more 

susceptible to make a transit mode shift than others (Abou-Zeid & Ben-Akiva, 2012). However, 

this does not imply that public transportation should encroach into suburbia, as the majority who 

identify with Class 4 have a very negative attitude toward public transit and are likely to 

experience a mismatch between their environmental ideal and their reality if public transit were 

to be introduced.  

 

Table 5.3-1  Class membership probabilities  

 

Overall, the results of the analysis suggest that attitude toward transit does have a 

predicted impact on defining one’s lifestyle, and thus the expected process of RSS. However, the 

magnitude of the impact of both the built environment and lifestyle (as depicted by attitudes) 

could not be defined here. Such magnitude is commonly determined from data derived from 

actual transit mode trips via recorded transportation diaries, and from surveying households 

about their current and preferred residence (Bhat & Guo, 2007; Humphreys & Ahern, 2017; 

Kitamura et al., 1997). As the results here are merely probabilistic forecasts of future actions, it 
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 High 67.5% 15.7% 9.4% 7.4% 42.1% 32.2% 6.2% 19.5% 

Low 31.5% 0.78% 5.92% 61.8% 10.5% 0.9% 2.1% 86.5% 

a Estimated probabilities of scoring high/low and being currently married/single, conditional on belonging to a 

particular class: P (q | c).   
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suffices to say that evidence of RSS is observed. Additionally, by revisiting the unanswered 

question posed by Lund (2006), and frequently mentioned herein, as to whether people are 

initially attracted to transit or whether they develop transit affection and use transit after moving 

to a TOD, it could be concluded that, to an extent, there is compelling evidence that people who 

are more likely to choose to live in a TOD tend to have a positive attitude toward public transit 

prior to moving there. When living in a TOD, however, 26.9 percent (19.5 percent + 7.4 percent, 

for single and married people, respectively) are expected to experience housing dissonance but 

are more likely to use public transit with time.  

5.4 Summary 

This chapter presented a thorough interpretation and discussion of the research results. 

The main finding of the research is that those who are willing to live in MFH tend to view the 

majority of TOD attributes positively, except for density. Several contradictions were found 

between the housing choice results and proximity and attitudes that were analyzed based on 

people’s socio-demographic characteristics. These contradictions were further tested and 

confirmed the existence of preference heterogeneity among the sampled participants, who 

seemed homogeneous at first. The analysis yielded four latent lifestyle classes with distinctive 

preferences for TOD attributes. In accordance with existing literature, this research found that 

public transit attitude is a major predictor of segmenting residential preference for TODs. These 

latent classes were examined closely in light of residential self-selection. The results show that, 

although there is a great appeal to TOD attributes, there are people who might experience 

residential dissonance if they were to live in a setting that does not correspond with their lifestyle 

preferences. The implications of these findings will be discussed in the next chapter as they 

relate to planning practice and research. 
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Chapter 6: Conclusion 

6.0 Introduction 

This study used a visual choice experiment of manipulated photos to understand housing 

preference for transit-oriented developments (TODs) in Riyadh, Saudi Arabia. More specifically, 

this research focused on preference for multifamily housing (MFH), as this housing type is 

commonly found close to transit nodes, satisfies planning densification strategies, and is 

considered less preferred than other housing types. The question underlying this research is as 

follows: To what extent do the urban design attributes of TODs influence residential preference 

for living in a TOD? The findings of this research provide guidance for both planners and 

researchers on the complexity of housing preferences, and on the limitations (due to 

unidimensional aggregation) of conventional methods for capturing such complexities. This 

chapter presents a summary of the key findings, implications for both planning policy and visual 

preference research, and suggestions for future research that emerge from the limitations 

encountered herein.  

6.1 Summary of Key Findings 

A take-away lesson from this research, given its narrow sample, is that people’s 

residential preferences vary significantly. The empirical investigations carried out in this study 

show that residential preference is more complex than can be intuitively assumed and 

generalized, and that potential MFH occupants are not all attracted to TOD attributes to the same 

extent. Even with the use of a seemingly homogeneous sample of participants (potential MFH 

dwellers, all students from Riyadh City), significant preference differences exist among them. By 

using multiple analytical methods ranging from simple to complex, and by establishing a 



160 

 

connection between lifestyle and housing choice, a better description of patterns of housing 

preference for TODs is derived. These patterns are as follows: 

1) The findings of this research suggest that preference for low density is the most 

dominant characteristic in MFH choices for the majority of participants. Even though 

the attitude toward density appears to explain heterogeneity in preference for 

choosing a higher-density housing alternative, it did not contribute to lifestyle 

segmentation. In other words, an individual’s attitude toward density would initially 

cause him or her to accept higher-density housing, but their default preference is for 

low density.  

2) Higher-density housing may be more acceptable and its drawbacks mitigated when 

constructed near open public space. Choice probability predictions indicate that the 

presence of a public park near a high-density TOD would draw a considerable 

amount of potential TOD residents away from a low-density alternative without a 

park. Although the assumption of low-rise, high-density architecture (Saggio, 2013) 

was not tested in this research, it seems that density preference patterns found here 

align with the well-established discussion of housing density in the literature.  

3) The emergence of four distinct lifestyle classes suggests that the planning and 

development of housing in a TOD should not follow a “one size fits all” or a “build it 

and they will come” approach. Instead, progressive and adaptive planning policies are 

needed to allow people to realize their preferences and to enable residential self-

selection processes to take place with minimal obstruction. 

4) The findings also suggest that when public transit has been recently introduced and 

transit use has not yet matured, transit-adjacent developments (TADs) are not as 
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undesirable as depicted by TOD proponents in the literature. TADs in this early stage 

allow those who do not yet have an affection for public transit to live close to transit, 

which they might use in times of need, rather than rejecting this type of residential 

environment altogether. This, of course, should not be conflated with the concept of 

introducing transit in the suburbs, as some people do prefer a car-dependent suburban 

lifestyle.  

5) Finally, the application of discrete choice analysis methods (i.e., the Mixed-logit and 

Latent Class models) provided a clearer understanding of residential preference. 

Some contradicting results were observed between conventional analysis methods 

that use aggregation of preference and preference differences on single items. This 

was overcome with robust analytical methods that simultaneously analyzed the 

choices people made and their attitudes to derive preference estimates. Additionally, 

the latent class method detected a group that was more likely to reject all alternatives 

presented. This represents estimation noise had it not been detected and would have 

been difficult to point out using common sense or relying on assumed preferences 

alone. The successful application of such methods opens up a palette of possible 

analytical methods that have great potential to push visual preference research further 

into the realm of robust empirical analysis, as Gaber and Gaber (2004) have 

encouraged.    

6.2 Research Implications 

6.2.1 Recommended Policy Inferences 

One implication of this research on planning policy supports the spatial hierarchy of 

TODs that extends from urban centers to urban neighborhoods, suburban centers, and suburban 
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neighborhoods, and allows for the existence of car-oriented suburbs. For each TOD typology, the 

density of housing and other land uses needs to be carefully defined, as each would attract a 

different subgroup of the population. To that extent, the distribution of TODs of different 

configurations should form “pearls on a necklace,” which orient the use of public transportation 

to an efficient bi-directional distribution (Cervero, 2006, p. 3) to make transit use more effective 

and appealing to numerous users. The results here show that car dependency is still high even 

among those who are likely to use transit. This suggests that parking restrictions (a typical 

characteristic of urban TODs) should not be enforced in the first generation of TODs. Instead, 

parking restrictions should be incrementally imposed later, when the concept of TOD matures 

and evidence of reduced car ownership is observed among TOD residents. This would allow 

those who are attracted to TODs to realize their preferences, knowing that they are currently 

reliant on cars but are most likely to heavily depend on the public transit system once it matures.   

Another implication of the study relates to decisions to provide more parking or to 

develop more housing near public transit stations (Duncan, 2010). Many of the proposed transit 

nodes in Riyadh are planned as park-and-ride stations. Building surface or structured parking 

around public transportation nodes is a worldwide practice of transit agencies to increase the 

catchment area of transit users in car-dependent locations. With the increase in gas prices in 

Saudi Arabia, which doubled in 2018 and are expected to increase until 2025 (Ministry of 

Finance, 2018), park-and-ride stations increases the transit shed, which would attract more 

suburbanites. However, the increasing demand for parking spaces often exceeds the supply, and 

in some cases, such as the Princeton Junction transit station in New Jersey, the waiting list to get 

a parking permit is about seven years (Renne, 2009). The increasing demand of suburbanites for 

public transit should not be conflated with preference for TODs, as their use is out of necessity. 
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This behavioural adaptation follows what is known as the Marchetti Principle (Marchetti, 

1994). Thus, TOD-oriented policies aimed at converting parking to developments should focus 

on locations closer to urban areas, while such efforts should be reduced in the periphery to 

maintain a suburban setting that is prefered by a sub-population.     

Saudi Arabia’s Ministry of Housing announced in 2016 that it is planning to increase the 

density of public housing near public transportation (Aliqtisadi, 2016). The success of public 

policy implementation is often undermined by the potential risk of acceptability, due to “silo 

mentality” practices and expert-led decision making (Edghill et al., 2009) when it comes to 

assumed housing preferences. In fact, it is not uncommon for Saudi housing grantees to reject the 

offer of public housing units, which has led the Ministry of Housing to respond by allowing the 

rejectionists to enroll in other housing listings (Ministry of Housing, n.d.). The government’s 

reaction was generous and kind, but public expenditure on housing could have been more 

efficiently allocated had the public been engaged in the planning process. Although this research 

found that there is a small percentage of people who are more likely to reject the alternatives 

provided to them, there were some alternatives that reduced the size of this group. This supports 

the need for a variety of residential environment typologies in order to allow different people to 

meet their residential needs.  

Due to the complexity of TODs and developers’ hesitation to take the risk of providing a 

new type of development, international experience shows that developers would require higher 

returns (Curtis, Renne, & Bertolini, 2009), which leads TODs to be mostly created in higher-

income areas (Edghill et al., 2009). For residential choice to be derived from preference rather 

than affordability constrains, progressive mortgage schemes could be useful, such as 

Holtszclaw’s (1994) location efficient mortgage plans, which adjust the lending amount to 
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account for the savings a household is expected to make from being close to and using public 

transit (Cervero & Bosselmann, 1998).   

6.2.2 Recommended Visual Preference Research Inferences 

This research contributes to the recently growing interest in using visual illustrations in 

discrete choice experiments. Few studies have used visual illustrations in discrete choice 

analysis, and even fewer have used latent class analysis to segment people into discrete groups. 

To the best of the researcher’s knowledge, this research is the first visual discrete choice 

experiment focused on the influence of the physical attributes of TODs on housing choice and 

that did not introduce attitudinal questions directly but rather as dimensions. This research 

provides sufficient confidence in the use of visual illustrations in robust and complex analysis, 

and in extending the usefulness of visual preference research beyond its conventional 

boundaries.  

The analysis of discrete choice experiments is advanced in other fields of inquiry, 

especially in transportation engineering and marketing. With the proven applicability of visual 

illustrations in DCE in general, advanced analytical tools could be employed to further our 

understanding of people–environment behaviors and to provide us with insights on housing 

preferences. Building on the efforts of this research, attribute non-attendance could be 

incorporated to yield more accurate estimates of different choice behaviors (e.g., a respondent 

who chooses any alternative that has the transit attribute, regardless of the levels of other 

attributes in his or her chosen alternative; Hensher et al., 2015). Possible preference investigation 

could also extend to the arena of regret models. Regret modeling derives preference estimates 

not only from utility gain (i.e., residential satisfaction) but also from anticipated utility loss that 

might arise from not choosing a competing alternative (Rasouli & Timmermans, 2014). These 
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and other methods are all possible approaches to reveal the complexity of residential preference 

through the use of methods that are well-developed in other fields of inquiry and have the 

potential to inform both residential research and practice.    

6.3 Directions for Future Research 

Research endeavors are not established in a vacuum, but are continuous and 

interdependent efforts that aim to further our understanding of specific problems. To avoid re-

invention of the proverbial wheel, recommendations for future research on housing preference in 

TODs using DCEs will be suggested as they emerge from the limitations of, and personal 

experience in conducting, this study. The research limitations and future research suggestions are 

as follows: 

1. On sampling and external validity: This study was conducted using responses from a 

limited sample of the Riyadh population. As part of the research design, the sample consisted of 

only Saudi students who are currently studying in the United States, are considering multifamily 

housing living, and are Riyadh residents. The use of this sample poses threats to the external 

validity of the study results. This threat pertains to the limitation of generalizing the results to the 

larger population of Riyadh. Furthermore, because data was collected via email and social media, 

there is a risk that the survey might have reached those beyond the targeted sampling population. 

Future work could replicate this study with a more representative sample of Riyadh residents to 

compare with the results found here, and with people from other major Saudi cities. 

2. On the timing of this study: This study was conducted during a critical time in Saudi 

history. Major economic, social, and political reforms were taking place. In fact, some of these 

national changes are closely related to the topic of this research and might have influenced 

people’s responses to the survey questions. For example, in the time between the pilot survey 



166 

 

and the final survey, a royal decree was issued that lifted the ban on women driving. People’s 

responses in this research might have been affected by excitement about this change. As a result, 

several attitudinal questions had to be changed at the last minute to fit the new societal context.  

Another timing-related factor pertains to public transportation, which is currently under 

construction and is planned to become operational early next year. This circumstance caused 

some of the attitudinal questions to be modified from those originally used in the literature for 

contexts in which public transportation is already established. Future research endeavors on 

housing preferences in TODs in Riyadh should be performed periodically to capture residential 

locational decisions, changes in housing preference, and transit ridership—an important trio in 

TOD housing literature.  

3. On attributes and their levels: Five TOD attributes were used in the discrete choice 

experiment, each represented by two levels. Limiting the number of attribute levels to only a few 

provides a manageable number of development possibilities to understand preference for these 

attributes; however, it prevents the investigation of non-linear preference estimates for different 

attribute levels. For example, representing diversity of land use with only two levels (single land 

use and mixed land use) does not provide inference on the effect of land-use density or 

preference for other land use configurations such as horizontal versus vertical mix. Increasing the 

number of levels could be informative for the other attributes but would be done at the expense 

of the simplicity of the design experiment for participants. Building on the preference results 

found here, future research is encouraged to explore the relationship between various levels of 

density (more density alternatives), diversity (more land-use configurations), and transit (more 

transit modes and proximity alternatives). Increasing the number of attributes will exponentially 

increase the number of possible alternatives, which could be arranged in choice tasks following 
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the choice design used here, but a larger number of participants would be needed for estimation. 

With the use of larger samples, the increase in choice tasks needed for estimation could be 

divided into more choice blocks to make data collection feasible and reduce participants’ fatigue. 

4. On photo simulations: The photo manipulations in the DCE were used to highly 

control for extraneous effects. Architectural style and other elements in the photos were 

standardized, and the photo alternatives were represented by one snapshot that imitates what a 

pedestrian would observe while walking in the neighborhood. The use of one snapshot, however, 

limits full comprehension of the development alternative. Future researchers could use multiple 

snapshots for each alternative development or use 3D simulations. One challenge would involve 

the presentation and data collection modes, as one would want the participants to view the 

alternatives simultaneously and not use memory recall. This would be possible in settings where 

the data collection procedure is more controlled than the self-administered questionnaire used 

here. 

5. On other housing types: This study focused solely on multifamily housing units and 

only allowed those considering apartment living to participate in the survey. Nevertheless, other 

housing units do appear in TODs, and gaining insight on preference for them is equally 

important. But adding multiple, competing housing units reduces the realism of the choice tasks 

because of the presence of a dominant alternative (e.g., a single-family house vs. any other 

housing type). This problem could be mitigated by imposing certain controls such as the price of 

the unit or intrinsic housing attributes, or by sampling design. Additionally, it would be 

interesting to test the factors of other housing types that would coax people to choose MFH. In 

doing so, a labeled DCE would make sense to allow variation to occur in the attributes of the 
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housing alternatives, not the housing types (very common in transportation mode preference 

research; e.g., car vs. train vs. bus).  

6. On internal housing attributes: The study’s focus on the role of exterior attributes on 

housing choice and preference does not reduce the major role of intrinsic housing attributes in 

housing choice. In fact, those who were excluded from participating were asked to provide 

reasons as to why they did not view apartment living as a viable option for them. Their 

comments were grouped and tagged into common themes (Appendix M) and indicate an 

important effect of housing aspects that caused them to not consider MFH as a housing 

alternative. As Figure 6.3-1 illustrates, most of the reasons related to intrinsic MFH attributes 

and perception of the living environment. Future research could tap into the issue of coaxing 

people to live in MFH and measure the transferability of single-family housing qualities into 

MFH and how people would react to them, in a modified form of what has been done by Mayer, 

Gerber, Sturm, and Schwehr (2013).   
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Figure 6.3-1  Factors provided by participants from Riyadh (n = 47) who were excluded 

from the study due to the inclusion criteria, on reasons for not considering living in MFH.  
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Appendix A: IRB Approval Letter for the pilot study 
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Appendix B: IRB Approval Letter for the Main Survey 
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Appendix C: Photo Manipulations of Residential Alternatives 

The attributes are coded in the caption in this order: density, land-use, walkability, parks, and transit.  
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Appendix D: Efficient Choice Set Design (Pilot Study) 

Efficient Design for Two Alternatives 

Choice 

situation 

A1 A2 A3 A4 A5 A1 A2 A3 A4 A5 Block 

1 0 1 0 0 0 1 0 1 1 1 1 

2 1 0 0 0 1 0 1 1 1 0 1 

3 1 1 0 1 1 0 0 1 0 0 1 

4 0 1 1 0 1 1 0 0 1 0 1 

5 1 1 1 0 0 0 0 0 1 1 1 

6 0 0 1 0 1 1 1 0 1 0 1 

7 0 1 1 1 1 1 0 0 0 0 1 

8 0 0 0 0 0 1 1 1 1 1 1 

9 1 1 1 1 0 0 0 0 0 1 2 

10 1 0 1 0 0 0 1 0 1 1 2 

11 1 1 1 0 1 0 0 0 1 0 2 

12 0 1 0 1 0 1 0 1 0 1 2 

13 1 0 0 1 1 0 1 1 0 0 2 

14 1 1 0 0 0 0 0 1 1 1 2 

15 1 0 1 1 0 0 1 0 0 1 2 

16 0 0 1 1 0 1 1 0 0 1 2 

 



207 

 

Appendix E: Bayesian Efficient Choice Set Design (Main Survey) 

Bayesian Efficient Design for Three Alternatives  

Choice 

Task 

A1 A2 A3 A4 A5 A1 A2 A3 A4 A5 A1 A2 A3 A4 A5 Block 

1 1 1 1 0 0 0 1 0 0 0 0 0 1 1 1 2 

2 1 1 0 1 0 1 1 0 0 1 0 0 1 1 1 2 

3 1 0 1 1 0 0 0 1 0 0 0 1 0 1 1 1 

4 0 0 0 0 1 0 1 0 0 0 1 1 1 1 1 1 

5 0 0 0 1 0 1 0 1 1 0 0 1 1 0 1 2 

6 0 1 1 1 0 1 1 0 0 1 0 0 0 0 1 1 

7 1 1 1 0 0 0 1 0 1 1 1 0 1 0 1 1 

8 1 1 1 0 1 1 0 0 1 0 0 0 0 0 0 2 

9 1 1 0 0 0 1 0 0 0 1 0 0 1 1 0 1 

10 1 1 0 0 0 1 0 1 1 1 0 0 0 0 0 2 

11 1 1 0 1 0 1 0 0 1 1 0 1 1 0 1 1 

12 0 1 0 1 0 1 0 0 0 1 1 0 1 0 0 2 

13 0 1 1 1 0 1 0 0 1 1 1 0 1 0 1 1 

14 0 0 1 0 0 0 1 0 0 1 1 1 1 1 1 2 

15 0 1 1 0 1 0 0 0 1 0 1 0 0 1 1 2 

16 0 1 0 1 1 1 1 1 1 0 0 0 1 0 0 1 

(1=high level or available, 0=low level or not available) 
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Appendix F: Reliability of Visual Choice Tasks 

Test-retest Match Reliability of Visual Choice Tasks 

Participant 

test-retest 

time 

reduction 

Choice 

 1 

Choice 

 2 

Choice 

 3 

Choice  

4 

Choice 

 5 

Choice  

6 

Choice  

7 

Choice 

 8 

Match per  

respondent 

1 65% 1 1 1 1 0 1 1 1 88% 

2 65% 1 1 1 1 1 1 1 1 100% 

3 74% 0 1 1 1 1 1 1 1 88% 

4 43% 1 1 1 1 1 1 1 1 100% 

5 34% 1 1 1 1 1 1 1 1 100% 

6 11% 0 0 1 1 0 1 1 1 63% 

7 29% 0 1 0 1 0 0 1 1 50% 

8 -27% 1 1 1 1 1 1 1 0 88% 

9 61% 1 1 1 1 0 1 1 0 75% 

10 36% 1 1 1 1 1 0 1 1 88% 

11 14% 1 1 1 0 1 1 0 0 63% 

 Match per 

choice task 
73% 91% 91% 91% 64% 82% 91% 73% 82% 

 
1=test-retest match, 0=no match 

The test-retest (n=11) revealed that the aggregate respondents’ choice match is 82% (one record of 

50%, one 63%, one 75%, four 88%, and three 100% match). Within this small sample size, an 82% 

match is considered relatively high. These results assure the reliability of the instrument, especially 

on the area of using only photos for the choice-based conjoint. It should be noted that two of the 

respondents (match of 38%) were eliminated after explicitly stating that their intention of filling out 

the pretest survey was solely to giving the researcher a constructive feedback and were less focused 

on reflecting their own preference. It should also be noted that there has been a reduction in task 

completion time from the pretest to the posttest for all respondents, indicating the effect of learning 

effect as highlighted in the literature (one participant had an increase in time which was due to 

internet speed malfunctioning).  Therefore, the pilot study will include an additional two choice tasks 

(burnout tasks) to account for learning process. 
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Appendix G: Description of the pilot study respondents 

Descriptive statistics of the pilot study respondents 

Variable Value Number of 

respondents 

(n=84) 

% 

Gender Male 62 73.8 

 Female 22 26.2 

Age 18-24 27 32.1 

 25-29 26 31 

 30-34 14 16.7 

 35-39 11 13.1 

 40-45 2 2.4 

 >45 4 4.8 

Saudi City Riyadh 30 35.7 

 Jeddah 12 14.3 

 Dammam 14 16.7 

 Other 28 33.3 

Social Status Single 43 51 

 Married without children 9 10.7 

 Married 1-2 children 20 23.8 

 Married >2 children 12 14.3 

Education Undergraduate 53 63.1 

 Graduate 31 36.9 

House type in SA Villa 47 56 

 Apartment 28 33.3 

 Floor in a Villa 8 9.5 

 Other 1 1.2 

Tenure Owner 18 21.4 

 Renter 20 23.8 

 Living in parents’ house 46 54.8 
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Appendix H: Saudi Student Clubs in the U.S. 

US State Number 
of Active 

Clubs 

University City 

Alabama 5 SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF ALABAMA AT 

BIRMINGHAM Birmingham 

SAUDI STUDENT ASSOCIATION AT THE UNIVERSITY OF 

ALABAMA 
Tuscaloosa 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF SOUTH ALABAMA Mobile 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF WEST 

ALABAMA 
Tuscaloosa 

SAUDI STUDENT ASSOCIATION AT TROY UNIVERSITY Troy 

Alaska 0   

Arizona 3 SAUDI STUDENT ASSOCIATION AT ARIZONA STATE UNIVERSITY‐ 

TEMPE 
Tempe 

SAUDI STUDENT CLUB AT NORTHERN ARIZONA 

UNIVERSITY 
Flagstaff 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF ARIZONA Tucson 

Arkansas 1 SAUDI STUDENT ORGANIZATION AT UNIVERSITY OF ARKANSAS AT 

LITTLE ROCK 
Little Rock 

SAUDI STUDENT ASSOCIATION AT ARKANSAS TECH UNIVERSITY Russellville 

California 11 SAUDI STUDENT ASSOCIATION AT LOMA LINDA UNIVERSITY Loma Linda 

SAUDI STUDENT ASSOCIATION AT CALIFORNIA STATE UNIVERSITY‐ 

CHICO 
Chico 

SAUDI STUDENT ASSOCIATION AT CALIFORNIA STATE 

UNIVERSITY‐LOS ANGELES 
Los Angeles 

SAUDI STUDENT ASSOCIATION AT WOODBURY UNIVERSITY Burbank 

SAUDI STUDENT SOCIETY AT CALIFORNIA STATE 

UNIVERSITY‐FULLERTON 
Fullerton 

SAUDI STUDENT ASSOCIATION AT CALIFORNIA STATE UNIVERSITY‐ 

FRESNO 
Fresno 

SAUDI STUDENT ORGANIZATION AT CALIFORNIA STATE UNIVERSITY‐ 

SAN BERNARDINO 
San Bernardino 

SAUDI STUDENT ASSOCIATION AT SAN DIEGO STATE UNIVERSITY San Diego 

SAUDI STUDENT ASSOCIATION AT CALIFORNIA STATE UNIVERSITY‐ 

NORTHRIDGE 
Northridge 

SAUDI STUDENT ORGANIZATION AT CALIFORNIA STATE UNIVERSITY‐ 

LONG BEACH 
Long Beach 

SAUDI STUDENT ASSOCIATION AT CALIFORNIA STATE UNIVERSITY‐ 

EAST BAY 
Hayward 

SAUDI STUDENT CLUB AT UNIVERSITY OF CALIFORNIA‐IRVINE  Irvine 

SAUDI STUDENT ASSOCIATION AT SAN JOSE STATE UNIVERSITY San Jose 

SAUDI STUDENT ASSOCIATION AT CALIFORNIA STATE UNIVERSITY‐ 

BAKERSFIELD 
Bakersfield 

SAUDI STUDENT CLUB AT CALIFORNIA LUTHERAN 

UNIVERSITY 
Simi Valley 

SAUDI STUDENT CLUB AT NEWSCHOOL OF ARCHITECTURE 

AND DESIGN 
San Diego 

SAUDI STUDENT CLUB AT CALIFORNIA STATE UNIVERSITY‐ 

STANISLAUS 
Turlock 

Colorado 6 SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF COLORADO 

DENVER 
Denver 
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  SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF COLORADO 

COLORADO SPRINGS 
Colorado Springs 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF COLORADO 

BOULDER 
Boulder 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF NORTHERN 

COLORADO 
Greeley 

SAUDI STUDENT CLUB AT COLORADO STATE UNIVERSITY‐ 

FORT COLLINS 
Fort Collins 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF DENVER Englewood 

Connecticut 5 SAUDI STUDENT CLUB AT SACRED HEART UNIVERSITY Fairfield 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF BRIDGEPORT Bridgeport 

SAUDI STUDENT CLUB AT UNIVERSITY OF HARTFORD West Hartford 

SAUDI STUDENT CLUB AT QUINNIPIAC UNIVERSITY Hamden 

BSSMAT MBT3TH AT UNIVERSITY OF BRIDGEPORT Hamden 

Delaware 1 SAUDI STUDENT CLUB AT STATE SCHOOL Pullman 

Florida 6 SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF FLORIDA Gainesville 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF MIAMI Coral Gables 

SAUDI STUDENT UNION AT FLORIDA INSTITUTE OF 

TECHNOLOGY 
Melbourne 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF SOUTH 

FLORIDA‐MAIN CAMPUS 
Tampa 

SAUDI STUDENT ASSOCIATION AT NOVA SOUTHEASTERN 

UNIVERSITY 
Fort Lauderdale 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF 

CENTRAL FLORIDA 
Orlando 

SAUDI STUDENT CLUB AT FLORIDA INTERNATIONAL UNIVERSITY Miami 

SAUDI STUDENT ASSOCIATION AT EMBRY‐RIDDLE AERONAUTICAL 

UNIVERSITY‐DAYTONA BEACH 
Daytona Beach 

Georgia 3 SAUDI STUDENT CLUB AT CLAYTON STATE UNIVERSITY Morrow 

SAUDI STUDENT CLUB AT CLARK ATLANTA UNIVERSITY Atlanta 

SAUDI STUDENT ASSOCIATION AT MERCER UNIVERSITY Atlanta 

Hawaii 0   

Idaho 2 SAUDI STUDENT CLUB AT UNIVERSITY OF IDAHO Moscow 

SAUDI STUDENT CLUB AT BOISE STATE UNIVERSITY Boise 

Illinois 12 SAUDI STUDENT ASSOCIATION AT DOMINICAN UNIVERSITY Oak Park 
SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF ILLINOIS AT 

URBANA‐CHAMPAIGN 
Urbana 

SAUDI STUDENT ASSOCIATION AT LEWIS UNIVERSITY Romeoville 
SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF ILLINOIS AT 

CHICAGO 
Chicago 

SAUDI STUDENT ASSOCIATION AT DEPAUL UNIVERSITY Chicago 

SAUDI STUDENT ASSOCIATION AT LOYOLA UNIVERSITY CHICAGO Chicago 

SAUDI STUDENT ASSOCIATION AT NORTHERN ILLINOIS 

UNIVERSITY 
Dekalb 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF ST 

FRANCIS 
Romeville 

SAUDI STUDENT CLUB AT ROCKFORD UNIVERSITY Rockford 

SAUDI AMERICAN ASSOCIATION FOR SPECIAL EDUCATION Oak Park 

SAUDI STUDENT ASSOCIATION AT SAINT XAVIER 

UNIVERSITY 
Chicago 
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SAUDI STUDENT ASSOCIATION AT CONCORDIA UNIVERSITY‐CHICAGO Oak Park 

Indiana 10 
SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF EVANSVILLE Evansville 

SAUDI STUDENT ASSOCIATION AT INDIANA STATE UNIVERSITY Terre haute 

SAUDI STUDENT ASSOCIATION AT INDIANA UNIVERSITY‐ 

KOKOMO 
Kokomo 

SAUDI STUDENT CLUB AT BALL STATE UNIVERSITY Muncie 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF SOUTHERN 

INDIANA 
Evansville 

SAUDI STUDENT ASSOCIATION AT INDIANA UNIVERSITY‐PURDUE 

UNIVERSITY‐INDIANAPOLIS 
Fishers 

SAUDI STUDENT CLUB AT INDIANA UNIVERSITY‐ 

BLOOMINGTON 
Bloomington 

SAUDI STUDENT UNION AT INDIANA INSTITUTE OF TECHNOLOGY Fort Wayne 

SAUDI STUDENT ASSOCIATION AT INDIANA STATE UNIVERSITY Terre Haute 

SAUDI STUDENT ASSOCIATION AT TRINE UNIVERSITY Angola 

Iowa 2 SAUDI STUDENT CLUB AT IOWA STATE UNIVERSITY Ames 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF DUBUQUE Dubuque 

SAUDI STUDENT ASSOCIATION AT SAINT AMBROSE UNIVERSITY Davenport 

Kansas 4 SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF KANSAS Lawrence 

SAUDI STUDENT ASSOCIATION AT WICHITA STATE 

UNIVERSITY 
Wichita 

SAUDI STUDENT ASSOCIATION AT PITTSBURG STATE 

UNIVERSITY 
Pittsburg 

SAUDI STUDENT ASSOCIATION AT KANSAS STATE UNIVERSITY Manhattan 

Kentucky 6 
SAUDI STUDENT ASSOCIATION AT MURRAY STATE UNIVERSITY Murray 

SAUDI STUDENT ASSOCIATION AT EASTERN KENTUCKY UNIVERSITY Richmond 

SAUDI STUDENT UNION AT NORTHERN KENTUCKY 

UNIVERSITY 
Highland Heights 

SAUDI STUDENT ORGANIZATION AT WESTERN KENTUCKY 

UNIVERSITY 
Bowling Green 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF 

LOUISVILLE 
Louisville 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF KENTUCKY Lexington 

Louisiana 2 
SAUDI STUDENT CLUB AT SOUTHERN UNIVERSITY AT SHREVEPORT Shreveport 

SAUDI STUDENT UNION AT MCNEESE STATE UNIVERSITY Lake Charles 

Maine 0   

Maryland 3 
SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF BALTIMORE Baltimore 

SAUDI STUDENT ASSOCIATION AT BOWIE STATE 

UNIVERSITY 
Bowie 

SAUDI STUDENT ASSOCIATION AT MORGAN STATE 

UNIVERSITY 
Baltimore 

Massachusetts 5 SAUDI STUDENT ASSOCIATION AT WENTWORTH INSTITUTE OF 

TECHNOLOGY 

 
Boston 
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  SAUDI STUDENT ASSOCIATION AT LASELL COLLEGE Newton 

 

SAUDI STUDENT ASSOCIATION AT BAY PATH COLLEGE 
 

Longmeadow 

 

SAUDI STUDENT ASSOCIATION AT SUFFOLK UNIVERSITY 
 

Boston 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF MASSACHUSETTS‐ 

LOWELL 
 

Lowell 

Michigan 6 
SAUDI STUDENT ASSOCIATION AT CENTRAL MICHIGAN UNIVERSITY Mount Pleasant 

SAUDI STUDENT ASSOCIATION AT LAWRENCE TECHNOLOGICAL 

UNIVERSITY 
Southfield 

SAUDI STUDENT CLUB AT UNIVERSITY OF MICHIGAN‐FLINT Flint 

SAUDI STUDENT ASSOCIATION AT OAKLAND UNIVERSITY Rochester 

SAUDI STUDENT ASSOCIATION AT WAYNE STATE UNIVERSITY Southgate 

SAUDI STUDENT UNION AT MICHIGAN STATE UNIVERSITY East Lansing 

SAUDI STUDENT ASSOCIATION AT WESTERN MICHIGAN UNIVERSITY Kalamazoo 

SAUDI STUDENT ASSOCIATION AT SAGINAW VALLEY STATE 

UNIVERSITY 
University Center 

Minnesota 1 SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF MINNESOTA‐ 

TWIN CITIES 
Minneapolis 

SAUDI STUDENT ASSOCIATION AT MINNESOTA STATE 

UNIVERSITY‐MANKATO 

 

SAUDI STUDENT ASSOCIATION AT CONCORDIA UNIVERSITY‐SAINT  

PAUL 
Saint Paul 

SAUDI STUDENT CLUB AT UNIVERSITY OF ST. THOMAS St. Paul 

Mississippi 4 SAUDI STUDENT ASSOCIATION AT MISSISSIPPI COLLEGE Clinton 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF MISSISSIPPI Oxford 

SAUDI STUDENT ORGANIZATION AT JACKSON STATE 

UNIVERSITY 
Jackson 

SAUDI STUDENT ASSOCIATION AT MISSISSIPPI STATE UNIVERSITY Starkville 

Missouri 8 SAUDI STUDENT ASSOCIATION AT MISSOURI UNIVERSITY OF 

SCIENCE AND TECHNOLOGY 
Rolla 

SAUDI STUDENT CLUB AT MARYVILLE UNIVERSITY OF SAINT LOUIS St. Louis 

SAUDI STUDENT CLUB AT PARK UNIVERSITY Parkville 

SAUDI STUDENT CLUB AT UNIVERSITY OF CENTRAL MISSOURI Warrensburg 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF 

MISSOURI‐COLUMBIA 
Columbia 

SAUDI STUDENT ASSOCIATION AT SOUTHEAST MISSOURI 

STATE UNIVERSITY 
Cape Girardeau 

SAUDI STUDENT ASSOCIATION AT WASHINGTON 

UNIVERSITY IN ST LOUIS 
St. Louis 

SAUDI STUDENT ASSOCIATION AT SAINT LOUIS 

UNIVERSITY 
Saint Louis 

SAUDI STUDENT CLUB AT MISSOURI WESTERN STATE 

UNIVERSITY 
St. Joseph 

SAUDI STUDENT CLUB AT MISSOURI STATE UNIVERSITY‐SPRINGFIELD Springfield 

Montana 1 
SAUDI STUDENT ASSOCIATION AT MONTANA STATE UNIVERSITY Bozeman 
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  SAUDI STUDENT ASSOCIATION AT MONTANA STATE UNIVERSITY‐ 

BILLINGS 
Billings 

Nebraska 3 SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF NEBRASKA AT 

OMAHA 
Omaha 

SAUDI STUDENT CLUB AT UNIVERSITY OF NEBRASKA 

MEDICAL CENTER 
Omaha 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF 

NEBRASKA‐LINCOLN 
Lincoln 

Nevada 0   

New Hampshire 1 SAUDI STUDENT ASSOCIATION AT SOUTHERN NEW HAMPSHIRE 

UNIVERSITY 
Manchester 

New Jersey 4 SAUDI STUDENT ASSOCIATION AT FAIRLEIGH DICKINSON UNIVERSITY 

METROPOLITAN CAMPUS 
Hackensack 

SAUDI STUDENT ASSOCIATION AT STEVENS INSTITUTE OF 

TECHNOLOGY 
Hoboken 

SAUDI STUDENT ASSOCIATION AT NEW JERSEY INSTITUTE OF 

TECHNOLOGY 
Newark 

SAUDI STUDENT ASSOCIATION AT SETON HALL UNIVERSITY South Orange 

New Mexico 0   

New York 8 SAUDI STUDENT ASSOCIATION AT ROCHESTER INSTITUTE OF 

TECHNOLOGY 
Rochester 

SAUDI STUDENT ASSOCIATION AT NIAGARA UNIVERSITY Niagara University 

SAUDI STUDENT CLUB AT UNIVERSITY AT BUFFALO Buffalo 

SAUDI STUDENT ASSOCIATION AT IONA COLLEGE New Rochelle 

SAUDI STUDENT ASSOCIATION AT SUNY AT ALBANY Albany 

SAUDI STUDENT CLUB AT NEW YORK INSTITUTE OF TECHNOLOGY New York 

SAUDI STUDENT ASSOCIATION AT BUFFALO STATE SUNY Buffalo 

SAUDI STUDENT ASSOCIATION AT WAGNER COLLEGE Staten Island 

SAUDI STUDENT ASSOCIATION AT SUNY AT BINGHAMTON Binghamton 

North Carolina 5 SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF NORTH CAROLINA 

AT CHARLOTTE 
Charlotte, Nc 

SAUDI STUDENT ORGANIZATION AT EAST CAROLINA UNIVERSITY Greenville 

SAUDI STUDENT ASSOCIATION AT NORTH CAROLINA STATE 

UNIVERSITY AT RALEIGH 
Raleigh 

SAUDI STUDENT ASSOCIATION AT NORTH CAROLINA A & T STATE 

UNIVERSITY 
Greensboro 

SAUDI STUDENT ORGANIZATION AT METHODIST UNIVERSITY Fayetteville 

North Dakota 1 SAUDI STUDENT ASSOCIATION AT NORTH DAKOTA STATE 

UNIVERSITY‐MAIN CAMPUS 
Fargo 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF NORTH 

DAKOTA 
Grand Forks 

Ohio 10 SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF DAYTON Dayton 
SAUDI STUDENT ORGANIZATION AT YOUNGSTOWN STATE 

UNIVERSITY 
Youngstown 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF AKRON 

MAIN CAMPUS 
Kent 

SAUDI STUDENT ASSOCIATION AT TIFFIN UNIVERSITY Tiffin 

SAUDI STUDENT ASSOCIATION AT CLEVELAND STATE 

UNIVERSITY 
Cleveland 
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  SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF CINCINNATI‐MAIN 
CAMPUS 

Cincinnati 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF TOLEDO Toledo 

SAUDI STUDENT ASSOCIATION AT BOWLING GREEN STATE 
UNIVERSITY‐MAIN CAMPUS 

Bowling Green 

SAUDI STUDENT ASSOCIATION AT WRIGHT STATE UNIVERSITY‐MAIN 
CAMPUS 

Dayton 

SAUDI STUDENT ASSOCIATION AT XAVIER UNIVERSITY Cincinnati 

SAUDI STUDENT ASSOCIATION AT OHIO STATE UNIVERSITY‐MAIN  
CAMPUS 

Columbus 

Oklahoma 5 SAUDI STUDENT ASSOCIATION AT SOUTHWESTERN OKLAHOMA 
STATE UNIVERSITY 

Weatherford 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF OKLAHOMA‐ 
NORMAN CAMPUS 

Norman 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF CENTRAL 
OKLAHOMA 

Edmond 

SAUDI STUDENT CLUB AT UNIVERSITY OF TULSA Tulsa 

SAUDI STUDENT ASSOCIATION AT OKLAHOMA STATE UNIVERSITY‐  
MAIN CAMPUS 

Stillwater 

Oregon 2 
SAUDI STUDENT ASSOCIATION AT WESTERN OREGON UNIVERSITY Monmouth 

SAUDI STUDENT ASSOCIATION AT OREGON STATE UNIVERSITY Corvallis 

Pennsylvania 16 SAUDI STUDENT ASSOCIATION AT GANNON UNIVERSITY Erie 

SAUDI STUDENT ASSOCIATION AT PENNSYLVANIA COLLEGE OF 
TECHNOLOGY 

Williamsport 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF PITTSBURGH‐ 
PITTSBURGH CAMPUS 

Pittsburgh 

SAUDI STUDENT ASSOCIATION AT SAINT JOSEPH'S 
UNIVERSITY 

Philadelphia 

SAUDI STUDENT ASSOCIATION AT INDIANA UNIVERSITY OF 
PENNSYLVANIA‐MAIN CAMPUS 

Indiana 

SAUDI STUDENT CLUB AT MORAVIAN COLLEGE Bethlehem 
SAUDI STUDENT CLUB AT KING'S COLLEGE Wilkes Barre 

SAUDI STUDENT ASSOCIATION AT PENNSYLVANIA STATE 
UNIVERSITY‐MAIN CAMPUS 

State College 

SAUDI STUDENT ASSOCIATION AT TEMPLE UNIVERSITY Philadelphia 

SAUDI STUDENT CLUB AT SHIPPENSBURG UNIVERSITY OF 
PENNSYLVANIA 

Shippensburg 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF 
SCRANTON 

Scranton 

SAUDI STUDENT ASSOCIATION AT LEHIGH UNIVERSITY Bethlehem 
SAUDI STUDENT ASSOCIATION AT WILKES UNIVERSITY Wilkes-Barre 
SAUDI STUDENT CLUB AT ROBERT MORRIS UNIVERSITY Moon Township 

SAUDI STUDENT CLUB AT MORAVIAN COLLEGE Bethlehem 
SAUDI STUDENT ORGANIZATION AT DUQUESNE UNIVERSITY Pittsburgh 
SAUDI STUDENT ASSOCIATION AT MARYWOOD UNIVERSITY Scranton 

SAUDI STUDENT UNION AT DREXEL UNIVERSITY Philadelphia 

SAUDI STUDENT CLUB AT WIDENER UNIVERSITY‐MAIN CAMPUS Philadelphia 

SAUDI STUDENT ORGANIZATION AT MOUNT ALOYSIUS COLLEGE Cresson 

Rhode Island 1 SAUDI STUDENT ASSOCIATION AT JOHNSON & WALES UNIVERSITY‐ 
PROVIDENCE 

Providence 
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South Carolina 0 SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF SOUTH CAROLINA‐ 

COLUMBIA Columbia 

South Dakota 1 SAUDI STUDENT ORGANIZATION AT SOUTH DAKOTA STATE 

UNIVERSITY 
Brookings 

Tennessee 7 SAUDI STUDENT ASSOCIATION AT THE UNIVERSITY OF TENNESSEE‐ 

KNOXVILLE 
Knoxville 

SAUDI STUDENT ASSOCIATION AT TENNESSEE STATE UNIVERSITY Nashville 

SAUDI STUDENT ASSOCIATION AT MIDDLE TENNESSEE STATE 

UNIVERSITY 
Murfreesboro 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF MEMPHIS Memphis 

SAUDI STUDENT ASSOCIATION AT THE UNIVERSITY OF 

TENNESSEE‐MARTIN 
Johnson City 

SAUDI STUDENT ASSOCIATION AT EAST TENNESSEE STATE 

UNIVERSITY 
Martin 

SAUDI STUDENT ASSOCIATION AT CHRISTIAN BROTHERS UNIVERSITY Memphis 

Texas 11 SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF HOUSTON Houston 

SAUDI STUDENT ASSOCIATION AT SOUTHERN METHODIST 

UNIVERSITY 
Dallas 

SAUDI STUDENT ASSOCIATION AT ST MARY'S UNIVERSITY San Antonio 

SAUDI STUDENT ASSOCIATION AT TEXAS A & M UNIVERSITY‐ 

CORPUS CHRISTI 
Corpus Christi 

SAUDI STUDENT ASSOCIATION AT TEXAS SOUTHERN UNIVERSITY Houston 

SAUDI STUDENT CLUB AT UNIVERSITY OF THE INCARNATE 

WORD 
San Antonio 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF NORTH TEXAS Denton 

SAUDI STUDENT ASSOCIATION AT THE UNIVERSITY OF 

TEXAS AT DALLAS 
Richardson 

SAUDI STUDENT ASSOCIATION AT TEXAS A & M 

UNIVERSITY‐KINGSVILLE 
Kingsville 

SAUDI STUDENT ASSOCIATION AT TEXAS A & M 

UNIVERSITY‐COLLEGE STATION 
College Station 

SAUDI STUDENT CLUB AT MCMURRY UNIVERSITY Abilene 

SAUDI STUDENT CLUB AT THE UNIVERSITY OF TEXAS AT 

ARLINGTON 
Arlington 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF ST THOMAS Houston 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF DALLAS Dallas 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF HOUSTON‐CLEAR 

LAKE 
Houston 

Utah 1 SAUDI STUDENT CLUB AT UNIVERSITY OF UTAH Salt Lake City 

SAUDI STUDENT ASSOCIATION AT UTAH VALLEY UNIVERSITY Orem 

Vermont 0   

Virginia 6 SAUDI STUDENT CLUB AT VIRGINIA POLYTECHNIC INSTITUTE AND 

STATE UNIVERSITY 
Blacksburg 

SAUDI STUDENT ASSOCIATION AT SHENANDOAH UNIVERSITY Winchester 

SAUDI STUDENT ASSOCIATION AT MARYMOUNT UNIVERSITY Arlington 
SAUDI STUDENT CLUB AT VIRGINIA COMMONWEALTH 

UNIVERSITY 
Richmond 

SAUDI STUDENT CLUB AT EASTERN MENNONITE 

UNIVERSITY 
Harrisonburg 
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SAUDI STUDENT ASSOCIATION AT GEORGE MASON UNIVERSITY Fairfax 

SAUDI STUDENT CLUB AT VIRGINIA STATE UNIVERSITY Chester 

Washington 4 SAUDI STUDENT CLUB AT WASHINGTON STATE UNIVERSIT Pullman 
SAUDI STUDENT CLUB AT EASTERN WASHINGTON UNIVER SCheney 
SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF WASHIN Seattle 

SAUDI STUDENT ASSOCIATION AT CENTRAL WASHINGTON 

UNIVERSITY 

 
Ellensburg 

West Virginia 2 
SAUDI STUDENT ASSOCIATION AT FAIRMONT STATE UNIVERSITY Fairmont 

SAUDI STUDENT ASSOCIATION AT WEST VIRGINIA 

UNIVERSITY 
Morgantown 

SAUDI STUDENT CLUB AT MARSHALL UNIVERSITY Huntington 

Wisconsin 3 SAUDI STUDENT ORGANIZATION AT UNIVERSITY OF WISCONSIN‐ 

STOUT 
Menomonie 

SAUDI STUDENT CLUB AT UNIVERSITY OF WISCONSIN‐MILWAUKEE Milwaukee 

SAUDI STUDENT ASSOCIATION AT UNIVERSITY OF WISCONSIN‐ 

MADISON 
Madison 

Wyoming                            0 

 

 

The number of active student clubs represents the number of the student clubs contacted 

for the main survey; whose contact information were valid and available in the Saudi Arabian 

Cultural Mission’s website. 
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Appendix I:  Online choice survey 

Instructions for the attributes that will be displayed and manipulated 
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Choice alternatives are displayed vertically to allow scrolling up and down to view the 

alternatives using a computer or a cell phone.  
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Appendix J: Descriptive statistics for the attitudinal dimensions 

 Minimum Maximum Mean Std. Deviation 

Pro-transit 2.25 5.00 4.4151 .59534 

Pro-densification 1.00 5.00 3.1106 .86660 

Awareness of Sprawl Externalities 1.00 5.00 4.0769 .80953 

Pro-cars 1.00 5.00 3.6474 .95414 
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Appendix K: Correlation tables 

Kendall's tau correlations between individual characteristics 

 Urban Age Villa Education 

Marital 

status Gender 

 Urban Correlation 

Coefficient 

1.000 -.089 .019 -.089 -.017 .025 

Sig. (2-tailed) . .270 .813 .269 .830 .754 

N 156 156 156 156 156 156 

Age Correlation 

Coefficient 

-.089 1.000 -.182* .417** .493** .067 

Sig. (2-tailed) .270 . .024 .000 .000 .401 

N 156 156 156 156 156 156 

Villa Correlation 

Coefficient 

.019 -.182* 1.000 -.129 -.202* -.056 

Sig. (2-tailed) .813 .024 . .109 .012 .484 

N 156 156 156 156 156 156 

Education Correlation 

Coefficient 

-.089 .417** -.129 1.000 .264** -.008 

Sig. (2-tailed) .269 .000 .109 . .001 .916 

N 156 156 156 156 156 156 

Marital status Correlation 

Coefficient 

-.017 .493** -.202* .264** 1.000 .004 

Sig. (2-tailed) .830 .000 .012 .001 . .958 

N 156 156 156 156 156 156 

Gender Correlation 

Coefficient 

.025 .067 -.056 -.008 .004 1.000 

Sig. (2-tailed) .754 .401 .484 .916 .958 . 

N 156 156 156 156 156 156 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Pearson correlation between educational level and pro-transit attitude 

 Education Pro-transit 

Education Pearson Correlation 1 .076 

Sig. (2-tailed)  .343 

N 156 156 

Pro-transit Pearson Correlation .076 1 

Sig. (2-tailed) .343  

N 156 156 

 

 

Pearson correlation between educational level and pro-densification attitude 

 Education Pro- densification 

Education Pearson Correlation 1 .063 

Sig. (2-tailed)  .436 

N 156 156 

Pro-densification Pearson Correlation .063 1 

Sig. (2-tailed) .436  

N 156 156 
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Appendix L: Cross tabulations 

Marital status and Age 

 

Age 

Total 18-24 ≥25 

Marital 

status 

Single 27 36 63 

Married 3 90 93 

Total 30 126 156 
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Appendix M: Comments from excluded respondents 

Factors Frequency Description Examples 

Size 17 Small unit size and insufficient 

spaces 

Not an option for a family of 5 or 

more; the lack of storage space; 

the lack of a driver's room. 

Privacy 11 Lack of privacy Lack of Privacy 

Neighbor Issues 10 Negative behaviors coming 

from Neighbors 

Children playing in hall ways; 

neighbors with different 

ideologies; odor coming from 

other apartments; noise from 

other apartments.  

Private Open Space 9 Lack of open space within the 

building  

There is no safe area for children 

to play in; the lack of exposure to 

natural lighting. 

Maintenance 8 Lack of reliable operation and 

maintenance 

Poor maintenance; low level of 

cleanliness in common areas; no 

agreed upon trash area. 

Personal Preference 7 The need of Ownership and 

independence in a SFH 

Feeling of instability; I am only 

considering a villa; I need a 

house with a private yard. 

Common Entrance 4 One entrance for the whole 

building 

Unwanted interaction with 

neighbors and strangers 

Parking 4 Lack of Parking spaces Lack of Parking Spaces 

Public Facilities 2 Lack of common area facilities There is no gym, swimming 

pool, or guests’ hall. 

Exterior Design 2 Low quality design Depressing looking buildings; 

the lack of an ideal MFH 

exemplar. 

Design restrictions 1 Restrictions on interior 

modifications 

Inability to make design 

adjustments to the interior of the 

apartment. 

Views 1 Units view is not considered Apartments lack good views on 

greenery or open spaces 

Comments provided by those who did not consider living in MFH and were excluded from participating (n = 48). 

Frequencies exceed the number of participants because some comments included more than one factor.  


