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ABSTRACT 

 

TRANSPORTATION POLICIES AND QUALITY OF LIFE:  AN ANALYSIS OF THE 
SOCIOECONOMIC EFFECTS OF IMPLEMENTING RAMP METERING, HIGH 
OCCUPANCY VEHICLE (HOV) LANES AND HIGH OCCUPANCY TOLL (HOT) 
LANES WITHIN AN URBAN TRANSPORTATION NETWORK 
 
Katherine D. Jefferson 
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Dissertation Director: Dr. Roger Stough 

 

Transportation policies affect a diverse group of stakeholders who depend on decision 

makers to provide a network within which they can achieve their travel objectives.  

Individuals and households with varying values of time and different levels of income 

expect to have access to a dependable transportation system.  They expect reliable travel 

times to destinations, whether they are going to work or school, or engaging in leisure 

activities.  Commercial interests hinge their success upon being able to move goods and 

provide services in a way that promotes sustainability and prosperity.  When the travel 

activities of these disparate entities – individuals, households and businesses – occur in 

concert or in conflict with each other, traffic congestion is a common byproduct.  

Litman (2007) defines traffic congestion as the incremental delay resulting from 

interference among vehicles in the traffic stream as a roadway reaches its capacity.  

Weisbrod, Vary and Treyz (2001) also correlate vehicle delay and roadway capacity by 



 

  

asserting that traffic congestion is a condition of traffic delay that exists because the 

number of vehicles trying to use the roadway exceeds the traffic network’s capacity to 

handle them.  These authors argue that traffic congestion has three dimensions of 

variation – spatial, temporal and stochastic.  Cambridge Systematics (2005) links 

congestion to seven sources – traffic incidents, work zones, weather, fluctuations in 

normal traffic, special events, traffic control devices and physical bottlenecks or capacity.   

Three strategies that are used to mitigate the effects of traffic congestion are Ramp 

Metering, High Occupancy Vehicle (HOV) Lanes and High Occupancy Toll (HOT) 

Lanes.  Ramp Metering is the use of traffic signals at freeway entrances to control the 

rate at which vehicles enter the freeway (Pearson, Black and Wanat 2001).  HOV Lanes 

give priority for the use of entire roadways or specific travel lanes to vehicles with two or 

more occupants (and to motorcycles and hybrid vehicles in some instances).  HOT Lanes 

allow Single Occupant Vehicles (SOVs) to access otherwise restricted roadways or travel 

lanes (typically HOV Lanes) by paying pre-established or variable tolls based on 

congestion conditions.  Ramp Metering and HOT Lanes are categorized as Intelligent 

Transportation Systems (ITS)-enhanced strategies.  

All three strategies are purported to enhance freeway operations by decreasing travel time 

and improving trip reliability. However, Verhoef (1996) argues that there appears to be 

an inverse relationship between efficiency and effectiveness and the social feasibility of 

transportation regulation (policy approaches).  Considering this assertion, one wonders 

how the three strategies mentioned above affect quality of life – safety, personal security 

and socioeconomic wellbeing. 



 

  

The socioeconomic effects of implementing Ramp Metering, HOV Lanes and HOT 

Lanes within an urban transportation network are examined to identify consequences, 

benefits and costs beyond (or in addition to) those typically obtained from traffic 

simulation models and field operational tests.  Survey data and expert judgments (an 

electronic road user survey, a statistical analysis of survey responses, and a Planning 

Balance Sheet Assessment) are used to examine perceptions of and findings regarding the 

benefits and consequences of the three strategies.  The analyses are also used to gather 

information to examine the premise that traditional tools and approaches (e.g. simulations 

of policy interventions and operational field test data) should be augmented with 

qualitative data to more adequately assess the quality of life concerns of transportation 

policy stakeholders. The results of the analyses reveal statistically significant associations 

between implementing Ramp Metering, HOV Lanes and HOT Lanes and quality of life 

considerations. 
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FORWARD 

 

For more than twenty years, I have been involved in the practical application of 

transportation policies as an operations engineer and manager.   Throughout my career, I 

have participated in the deployment of systems and devices that are used for managing 

traffic conditions within urban and rural transportation networks.  Implementation 

decisions are predominated by engineering analysis and are informed by the expertise of 

transportation professionals.  The travel needs of road users (e.g., safety, mobility) are 

perceived as paramount; however, road user participation in the decision making process 

is rather limited.  This reality underpins my research.   

I am motivated by the desire to gain insights about the perceived effects of transportation 

policies from stakeholders who are not regarded as policy experts and are not employed 

within the transportation sector.  Particularly, this research is undertaken in an attempt to 

validate and illuminate variations in how stakeholders view implemented strategies.   

Beyond this, my research is intended to synthesize the knowledge I have gained as a 

researcher of public policy and a transportation practitioner.  My hope is that purists in 

both realms will take a fresh look at transportation policies from each other’s 

perspectives – that researchers will see how policies are viewed from the ground, and 

operations engineers will see that strategies implemented in accordance with discrete 

analyses have broader quality of life implications.  
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Chapter 1 Introduction 

 

Introduction 

Problem Statement 

Transportation policies affect a diverse group of stakeholders who rely upon decision 

makers to provide a network within which they can achieve their travel objectives.  

Individuals and households with varying values of time and different levels of income 

expect to have access to a dependable transportation system.  They expect reliable travel 

times to destinations, whether they are going to work or school, or engaging in leisure 

activities.   Commercial interests hinge their success upon being able to move goods and 

provide services in a way that promotes sustainability and prosperity.  When the travel 

activities of these disparate entities – individuals, households and businesses – occur in 

concert or in conflict with each other, a common byproduct is traffic congestion.   

Litman (2007) defines traffic congestion as the incremental delay resulting from 

interference among vehicles in the traffic stream as a roadway reaches its capacity.  

Weisbrod, Vary and Treyz (2001) also correlate vehicle delay and roadway capacity by 

asserting that traffic congestion is a condition of traffic delay that exists because the 

number of vehicles trying to use the roadway exceeds the traffic network’s capacity to 

handle them.  The authors argue that congestion has three dimensions of variation – 

spatial, temporal and stochastic.  Congestion in the spatial dimension can be area-wide or 
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location specific. In the temporal dimension, congestion can occur during morning or 

afternoon peak periods or during off-peak periods.  When it takes place within the 

stochastic dimension, congestion can occur on a continuing basis at predictable times or 

sporadically (at random times) as a result of traffic accidents or other types of incidents. 

Regardless of the location or timing, the authors contend that the frequency and severity 

of congestion delays intensify as traffic volumes increase to the point where network 

capacity is exceeded.   

In their annual assessment of urban mobility, Schrank and Lomax (2005) indicate that, 

 “Congestion has grown in areas of every size, and congestion costs are 

increasing”.   

Pisarski (2006) argues that congestion is escalating on all three dimensions: intensity, 

extent and duration.  Wachs (2003) argues that highway congestion will continue to 

escalate because traffic volumes are growing faster than highway-related revenues, and 

higher proportions of state transportation budgets must be spent on maintenance, 

operations and rehabilitation instead of new roadway capacity.   

Cambridge Systematics (2005) links traffic congestion to seven root causes or sources. 

The seven sources are: 

• traffic incidents – events that disrupt the normal flow of traffic (e.g., physical travel 

lane impedances or roadside distractions that adversely influence driver behavior); 

• work zones – construction or maintenance activities that result in physical changes to 

the highway environment (e.g., reductions in the number or width of travel lanes, 

shifts/diversions, temporary lane closures); 



 

 3 

• weather – atmospheric conditions that adversely affect visibility and influence driver 

behavior (e.g., precipitation, bright sunlight or fog); 

• fluctuations in normal traffic - daily variability in traffic volumes; 

• special events – planned or seasonal demand fluctuations; 

• traffic control devices – intermittent disruption of traffic flow by control devices (e.g., 

railroad gate activations or traffic signal operations); and 

• physical bottlenecks – chokepoints at which roadway capacity is inadequate to handle 

traffic volumes. 

Regardless of its source, excessive traffic congestion adversely affects individual drivers, 

the movement of goods, provision of services, and ultimately the economic vitality of a 

region.  Therefore, transportation officials are challenged to implement policies that will 

counteract or at least mitigate the deleterious effects of congestion.   However, officials 

must be informed about the potential pitfalls of congestion-mitigation interventions.  

Mokhtarian and Raney (1997), Cao and Mokhtarian (2005) and Choo and Mokhtarian 

(2008) argue that there are often discrepancies between the assumptions that guide policy 

decisions and how individuals respond to congestion and policy interventions.  These 

discrepancies prohibit the fulfillment of policy objectives and hinder the effectiveness of 

policy interventions.  The authors assert that variables such as gender, household type, 

income, attitudes about travel and mobility, and familial responsibilities independently 

and concurrently influence how transportation stakeholders perceive and respond to 

policy interventions, and consideration of these variables should be incorporated into the 
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policy implementation process.  In light of these insights, the following research 

questions and hypotheses are investigated in this dissertation.   

Research Questions 

This dissertation will examine the general question of whether the adoption of congestion 

mitigation strategies improves quality of life for transportation stakeholders.  In 

particular, the dissertation will examine the question of how three congestion mitigation 

strategies (two that entail the use of ITS devices) affect safety, personal security and 

socioeconomic wellbeing.  More specifically, the dissertation will investigate and test the 

following questions and null hypotheses:  

1. Does implementation of Ramp Metering (HOV Lanes, HOT Lanes) affect safety?   

2. Does implementation of Ramp Metering (HOV Lanes, HOT Lanes) affect personal 

security?   

3. Does Ramp Metering (HOV Lanes, HOT Lanes) affect socioeconomic wellbeing?  

Null Hypotheses1 

1. There is no association between implementation of Ramp Metering (HOV Lanes, 

HOT Lanes) and safety (with respect to vehicle accidents and trip length).  

2. There is no association between implementation of Ramp Metering (HOV Lanes, 

HOT Lanes) and personal security (with respect to travel time to destinations and 

delay).  

                                                 
1 Agresti and Finlay (1997) argue that a significance test consists of two hypotheses, null and alternative.  
Since the statistical method that will be used to analyze survey data is significance testing, the null 
hypotheses (i.e., statements that the parameter has a value corresponding to, in some sense, no effect or 
association) are specified as shown.   
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3. There is no association between implementation of Ramp Metering (HOV Lanes, 

HOT Lanes) and socioeconomic wellbeing (with respect to increasing jobs and 

migration into an area). 

Research Contributions 

The dissertation makes a significant new contribution to the body of knowledge about the 

effects of transportation policies by establishing and testing for the existence of 

statistically significant relationships between a unique set of variables (safety, personal 

security and socioeconomic wellbeing) that assess the quality of life effects of 

transportation policies.  The variables correspond to common measures (i.e., travel time, 

delay, and vehicle accidents) of the effectiveness of three transportation policy 

interventions – Ramp Metering, HOV Lanes and HOT Lanes, and are generally intuitive 

(i.e., reductions in vehicle accidents can reasonably be related to improvements in safety 

and increases in employment can be perceived as beneficial to socioeconomic wellbeing).  

However, relating personal security with reductions in travel time to destinations and 

delay is somewhat novel.   

Once the variables are defined, the dissertation examines road user perceptions of the 

effects of implementing each of the three strategies (Ramp Metering, HOV Lanes and 

HOT Lanes) within an urban transportation network.  Responses from road users are used 

to test the hypotheses that are stated above.  Hypothesis tests are expected to reveal 

statistically significant relationships among the independent variables of age, gender and 

work in transportation and the dependent variables of safety, personal security and 
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socioeconomic wellbeing (i.e., road users will perceive that transportation policies affect 

quality of life2).   

The dissertation also analyzes how a diverse group of transportation policy experts rates 

the benefits and costs of strategy implementation.  This portion of the analysis also adds 

to the literature because it assesses if the experts perceive that broader benefits accrue to 

road users when strategies are implemented concurrently as opposed to when they are 

implemented exclusively. Empirical research of the evaluation of combined interventions 

does not appear to exist.     

An underlying set of assumptions of this dissertation is that individuals who work within 

and outside of the transportation field have different perceptions of the impacts of 

transportation policy implementation based upon their information about transportation,  

their role (or lack thereof) in the policy making process, and their biases about the field 

that are unrealistically positive or negative.   It is expected that this research will either 

validate this set of assumptions or will show that, although perceptions may sometimes 

conflict, policy experts and the general public (i.e., individuals who are not engaged in 

transportation policy development and are not employed in the transportation field) hold 

similar opinions about the quality of life consequences of transportation network 

management strategies. 

Discussion Format 

The discussion will begin with a review of simulation studies, empirical analyses and 

field operational tests of Ramp Metering, HOV Lanes and HOT Lanes.  Next, responses 

                                                 
2 The concept of quality of life will be discussed in Chapter 2. 
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to an online road user survey will be analyzed to determine if statistically significant 

relationships exist between perceptions about implementing the three strategies and 

quality of life considerations.  Finally, results of a Planning Balance Sheet Assessment, 

completed by transportation policy experts, will be presented.  

It is acknowledged that the data are obtained from captive audiences – policy experts who 

consented to perform the Planning Balance Sheet Assessment, and individuals who travel 

a specific roadway segment under analysis and who agreed to participate in an online 

survey.  In addition, the survey was completed by individual commuters.  Persons using 

mass transit in the study roadway segment as their primary mode of transportation were 

not surveyed.  Ultimately, the analytical findings support the assertion that tools 

(simulations and field operational tests of policy interventions) that are used to guide 

policy decisions and strategy implementation should be augmented with qualitative data 

to more fully assess the quality of life concerns of transportation policy stakeholders.  
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Chapter 2 Literature Review 

 

The body of literature that informs an evaluation of the socioeconomic effects of 

implementing transportation policies encompasses numerous disciplines - economics, 

engineering, public administration, public policy, psychology, sociology.  However, in 

lieu of examining theoretical concepts, the literature review focuses upon what has been 

learned (i.e., is known) about the impacts of Ramp Metering, HOV Lanes and HOT 

Lanes from simulation studies, empirical analyses and field operational tests.  The 

discussion begins with a general overview of Intelligent Transportation Systems and an 

explanation of each of the three strategies that is under review.  This is followed by a 

summary of the most popular simulation tools and examples of how each tool has been 

used to evaluate one of the transportation management strategies (Ramp Metering).  

Next, the findings of empirical analyses and the results of field operational tests are 

presented.  An abbreviated discussion of the concept of quality of life is followed by 

concluding remarks that use the findings of these data sources to undergird the 

assessment of the effects of each strategy on driver behavior and quality of life.          

Intelligent Transportation Systems  

The 1991 Intermodal Surface Transportation Efficiency Act (ISTEA) provided $28 

billion over six years to states for highway construction and transportation enhancements 

– activities that directly link ISTEA to the attainment of social, environmental, and 
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economic goals of communities (Carlson, Wormser and Ulberg 1995).  ISTEA funding 

could be used for procurement and implementation of Intelligent Transportation Systems 

(ITS) devices and technologies – a broad range of wireless and wire line 

communications-based information and electronics technologies that improve incident 

management and enhance the overall performance of transportation networks (DOT 

2006).   

Deployments of ITS assets have catalyzed new approaches to arterial and freeway 

network management, and transportation managers are increasingly embracing ITS 

strategies to gain real-time information about prevailing traffic conditions, and thereby, 

reap the greatest efficiencies from existing roadway capacity.  Three (among many) ITS 

applications aimed at reducing freeway congestion and optimizing existing capacity are 

the focus of this dissertation.   

Ramp Metering 

Freeway management systems encompass six major ITS functions – surveillance 

systems, ramp control, lane management applications, special event transportation 

management systems, information dissemination and enforcement (DOT 2006).  Ramp 

Metering is a form of ramp control that is used to regulate the flow of vehicles onto a 

freeway and thereby reduce congestion (AASHTO 1992).  Meters are installed at freeway 

entrances to address two primary objectives.  The first objective is to control the number 

of vehicles that are allowed to enter the freeway.  Theoretically, if the traffic volume 

entering a freeway section is controlled, the overall operational capacity of the freeway is 

less likely to be exceeded.  The other main objective of Ramp Metering is to create gaps 
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in platoons of vehicles upstream of freeway entrance ramps.  It is believed that staggering 

the number of vehicles at freeway entrances provides for safer merging at access points 

(Chaudhary and Messer 2000).    

Ramp Metering can be carried out in three ways: single-lane one car per green; single-

lane multiple cars per green; and dual-lane metering.  Single-lane one car per green 

allows one car to enter the freeway during each signal cycle (every 4 to 4.5 seconds).  

Single-lane multiple cars per green allows two or more vehicles to enter the freeway 

during each cycle (every 6 to 6.5 seconds).  Dual-lane metering uses two lanes on a ramp. 

The success of Ramp Metering strategies is contingent upon: the availability of adequate 

ramp storage space, and an adequate acceleration distance between stop bars and merge 

locations.  It follows that it is necessary to assure that the equipment used for vehicle 

detection and controlling metering rates functions predictably.  Metering rates can be set 

to either give the highest priority to freeway vehicles or to favor ramp traffic. 

Ramp metering was first implemented in the United States in the late 1950s through the 

early 1960s in Chicago, Detroit and Los Angeles.  By the mid 1990s, systems existed in 

over twenty metropolitan areas (Pearson, Black and Wanat 2001).   

High Occupancy Vehicle Lanes 

A High Occupancy Vehicle (HOV) Lane is a roadway lane that is located adjacent to 

general purpose lanes and is reserved for use by carpools, vans and buses (FHWA 

2004d).  In the 1970s the Federal Highway Administration began to allow state highway 

departments to allocate funds for the construction of High Occupancy Vehicle (HOV) 

Lanes.  However, momentum for HOV Lane construction did not build until the 1990s 
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when two major pieces of legislation were enacted, the Clean Air Act Amendment of 

1990 (CAA) and the Intermodal Surface Transportation Equity Act of 1991 (ISTEA).  

These legislative initiatives catalyzed HOV lane construction because use of the lanes 

contributes to achieving state air quality attainment standards.3  In addition, the 

legislation made it possible to fund projects at the 90 percent federal matching ratio.  The 

Acts also created a category of funds, Congestion Mitigation and Air Quality (CMAQ), 

that could be used for HOV Lane projects since the projects could be directly linked to 

improvements in congestion and air quality.  Finally, the legislation allowed state 

transportation departments to define a High Occupancy Vehicle as one that has a 

minimum of two occupants (Leman, Schiller and Pauly 1994).   

HOV Lanes can be implemented in three ways – as a separated roadway, as concurrent 

flow lane(s) or as contraflow lane(s).   When constructed on separated roadways, the 

lanes have the following characteristics:  

· Are generally located in the median of an urban freeway or elevated above the 

median or other lanes,  

· Are commonly one-way reversible, and  

· Operate in the direction of peak period travel.   

Concurrent flow HOV Lanes are contiguous to adjacent mixed-flow lanes or may be 

separated by a buffer.  Contraflow HOV Lanes allow vehicles to use one of the general 

purpose lanes in the off-peak travel direction for peak direction travel (AASHTO 1992). 

                                                 
3 The primary purpose of an HOV Lane is to increase the number of people moved through a congested 
area and consequently decrease the number of vehicles on roadways.  The reduction in the number of 
vehicles using a roadway is believed to result in improvements in air quality (i.e., reductions in pollutant 
emissions), the fundamental requirement of the Clean Air Act (FHWA 2002). 
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HOV Lanes were first constructed in two states, New Jersey and Virginia.  In New 

Jersey, an exclusive bus lane was created on the Route 495 approach to the Lincoln 

Tunnel.  In Northern Virginia, a temporary reversible bus-only lane was created in the 

median of Route 395 (Shirley Highway) during its reconstruction (Fuhs and Obenberger 

2002).  The State of California was also an early adopter of HOV Lanes.  In 1970, HOV-

3 was implemented on westbound Route 80 in Alameda County (CA DOT 2005).  The 

first HOV Lane in Southern California was a one-lane busway on Interstate 10 in Los 

Angeles.  The facility was later converted to HOV-3 (Riphagen 2002).  Over the years, 

California has constructed statewide networks of HOV Lanes totaling more than 1200 

lane-miles (CA DOT 2005). 

Since the first facilities were constructed, new and different operational approaches have 

been undertaken.  Facilities: serve as busways; may be barrier-separated or non-

separated; accommodate two-way, reversible and concurrent traffic flow; are used for 

contraflow; and may be used for queue bypasses (e.g., the use of shoulder lanes during 

congested conditions).  As of July 2004, HOV facilities were operational in more than 35 

metropolitan areas in North America (FHWA 2004b).    

High Occupancy Toll Lanes  

High Occupancy Toll (HOT) Lanes are limited access, normally barrier-separated 

highway lanes.  HOT Lanes allow Single Occupant Vehicles (SOVs) to access otherwise 

restricted/reserved roadways or travel lanes when drivers pay pre-established or 

differential tolls based on congestion conditions (FHWA 2003b).  When variable tolls are 

applied, vehicles are assessed a differential toll based on congestion conditions or time of 
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day.  HOT Lanes utilize electronic toll collection for fee assessment and traffic 

information systems to provide information on price levels and travel conditions, 

typically via variable message signs.   

The HOT Lane concept combines two highway management tools; value pricing and lane 

management (FHWA 2003b).  Value pricing involves the introduction of road user 

charges that provide incentives for motorists to shift some trips to off-peak times, less-

congested routes or alternative modes.  Higher prices also encourage motorists to 

combine or eliminate lower-valued trips.  Lane management involves restricting access to 

designated highway lanes based on occupancy, vehicle type or other objectives.  The 

rationale behind lane management is maintaining a superior level of service and attracting 

use by eligible vehicles that would otherwise travel in the general purpose lanes during 

peak travel periods (FHWA 2003b).  HOT Lanes are employed based upon the 

assumption that excess capacity exists within the restricted/reserved lanes. 

The first U.S. HOT Lane implementation was in 1995 on State Route 91 in Orange 

County, California (Dahlgren 2002).  Since the initial deployment, HOT Lanes have 

become operational on Interstate 15 in San Diego and on Interstate 10 in Houston.  

Proposed implementations are under consideration for twenty-one additional locations in 

eleven states (Poole and Orski 2000). 

Conclusion 

Forms of Ramp Metering have existed in the United States since the early 1960s, and 

HOV Lanes have been in use for over 30 years.   HOT Lanes have only gained 

prominence over the last several years, although the theoretical basis for deployment has 
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been argued for many years.  Button (2003), Verhoef (2000) and Rothengatter (2001) all 

argue that Arthur Pigou first articulated the economic efficiency of charging road users.  

Yang and Huang (1999) echo the Pigouvian philosophy by arguing that marginal cost 

pricing offers the first-best solution for optimizing congested traffic flows.  The authors 

argue that road users on a congested roadway should pay a toll equal to the difference 

between the marginal social cost and the marginal private cost in order to maximize 

social welfare.           

Proponents of each strategy highlight the potential for enhanced freeway operation as a 

result of increases in travel speed and trip reliability, and reductions in travel time.  

Purported benefits of Ramp Metering include increases in freeway efficiency, speed, and 

safety (reductions in rear-end and merging accidents), and decreases in fuel consumption 

and vehicle emissions.   HOV Lanes are perceived as a more efficient and equitable 

allocation of road space.  Implementation of these facilities is based upon the premise 

that users endure less congestion delay because of their willingness to share a vehicle.  As 

such, they impose a lighter congestion burden on fellow road users.  The strategy is also 

regarded as an efficient use of road capacity; although HOV Lanes may carry fewer 

vehicles, they carry more people than general purpose lanes (Victoria Transport Policy 

Institute 2003).  HOT Lanes allow HOV Lanes to be better utilized and offer the potential 

for generating revenue for infrastructure investment or subsidizing other transport modes 

(Dahlgren 2002).  HOT Lanes also give motorists the choice of opting-out of congested 

general purpose lanes when being delayed is not acceptable.  Emmerick et al (1998) 
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argue that a fluctuating road pricing scheme (i.e., HOT Lanes) can give drivers the 

financial incentive to behave in a way that optimizes road usage and system performance.      

Critics of all three strategies argue that implementation can result in induced traffic and 

latent demand.   Lee, Klein and Camus (1999) identify the causes of induced traffic as: 

· diverted traffic that changes its route to the improved facility; 

· rescheduled traffic that previously used the facility at a different time (the result is 

that the peak period expands or contracts); 

· shifts from other modes, which might or might not have used the facility before, and 

which include changes in occupancy; 

· destination shifts, resulting from facility improvement; and 

· additional travel by persons already using, or in the market for, the facility. 

Taylor (2002) explains the phenomenon of latent demand as follows:   

“When capacity is expanded on a congested facility, delay is reduced in the short 

term, and traffic speeds increase.  Increased speeds reduce the time cost of trips, 

making travel more attractive.  Travelers who were previously dissuaded by 

congestion from making car trips begin to do so, and the facility gradually 

becomes congested again.”   

The author argues that implementing Ramp Metering can have the same effect as 

increasing capacity.  The Victoria Transport Policy Institute (2003) argues that 

implementation of HOV Lanes (and HOT Lanes as an extension of HOV Lanes) can 
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result in induced traffic by attracting travelers from other alternatives or transport modes, 

such as telecommuting and cycling4.    

In addition to induced traffic and latent demand, critics of Ramp Metering cite the 

potential for motorists who wait on ramps (before entering the traffic stream on the 

freeway) to experience inequitable increases in fuel consumption and vehicle emissions, 

i.e., increased social (and environmental) costs.  Opponents of HOV Lanes argue that 

facilities are often underutilized and tend to favor longer-distance trips (Victoria 

Transport Policy Institute 2003).   AASHTO (1992) asserts that,  

“In general, HOV Lanes are congestion-dependent; unless extreme congestion 

occurs regularly on the freeway mainlines, HOV Lanes will not be successful in 

generating significant new carpooling and transit usage”.    

In addition, Dahlgren (1998) argues that these lanes are superior to general purpose lanes 

only if there is a substantial travel time differential between HOV Lanes and general 

purpose lanes.  The author also contends that superiority of HOV Lanes is achieved only 

if the lanes are well utilized, which requires both a high proportion of HOVs and a high 

volume of traffic.  

HOT Lane detractors argue that expensive toll collection systems are necessary for the 

lanes to be operational, and argue that enforcement and complicated lane configurations 

are required (Dahlgren 2002).  Opponents of HOT Lanes also question the social equity 

of the approach.  Litman (2002) contends that equity consists of vertical and horizontal 

                                                 
4 The notion that individuals would be inclined to use HOT Lanes as opposed to telecommuting or cycling 
appears to be implausible.  However, if these choices were made by individuals as an alternative to 
enduring excessive traffic congestion, HOT Lanes and the promise of tolerable travel conditions could 
induce these individuals to return to traditional work sites and vehicular travel. 
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components.  He argues that vertical equity provokes a fairness issue with respect to 

income, race or age; horizontal equity deals with fairness among persons or groups with 

similar resources and needs. HOT Lanes are disparaged as being vertically inequitable, 

since freedom from congestion is bestowed upon the affluent based upon their ability to 

pay, while the underprivileged are denied this advantage.  (One can argue that the 

affluent do not receive an advantage, they must pay for the privilege of using HOT 

Lanes.)    

Besides the above issues, there is a line of reasoning about traffic congestion in general 

that runs counter to implementing Ramp Metering, HOV Lanes, HOT Lanes and other 

strategies aimed at restricting or otherwise influencing route choice decisions. Wachs 

(2002) argues that,  

“Congestion is not all bad.  In the United States, worsening traffic congestion is 

most often associated with prosperity rather than poverty and with growth in 

population and business rather than decline.  Congested city centers are usually 

the most exciting and high-rent of all urban environments, home to dynamic 

industries, tourist attractions and cultural activities.”    

Dahlgren (1998) argues that person-trips represent a benefit and that congestion could be 

considered a measure of the success of the system rather than a measure of its failure.  

The author concludes that the goal should not be to eliminate person-trips but to reduce 

the costs that these trips impose. 

As can be seen from the foregoing discussion, viewpoints about the advantages and 

disadvantages of adopting Ramp Metering, HOV Lanes and HOT Lanes vary widely.  
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Considering this diversity of opinions and perceptions about the merits of the three 

strategies, the discussion now turns to a review of some of the most popular tools that are 

used to simulate transportation policy interventions.  Examples of how the simulation 

tools have been utilized to evaluate the effectiveness of Ramp Metering in urban cities 

across the United States are provided.      

Simulation Tools and Studies 

Simulation studies are often undertaken prior to implementation of a strategy (or may be 

used after technologies or strategies have been employed) to assess the performance of a 

roadway, corridor or transportation network.   Microscopic simulation tools create 

models of traffic conditions on a roadway, along a corridor, or within an integrated 

network.  Outputs from the models include Measures of Effectiveness (MOEs) or 

Network Performance Indicators (NPIs), which are correlated with engineering standards 

to assess how effectively a transportation network is operating.  MOEs and NPIs include, 

but are not limited to:  vehicle stops, vehicle delay, pollutant emissions, travel time, 

vehicle miles traveled, throughput, volume-to-capacity ratio, and cost/benefit data.  An 

abbreviated overview of four well-known and often used simulation tools (CORSIM, 

INTEGRATION, PARAMICS and VISSIM) is provided. 

CORSIM  

CORSIM is a stochastic microscopic traffic simulation model developed by the Federal 

Highway Administration. CORSIM (CORridor SIMulation) uses vehicle and driver 

behavior models to simulate traffic movement on surface streets, freeways, and integrated 

networks with a complete selection of control devices – stop/yield signs, traffic signals, 
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and ramp metering (FHWA 2004a).  CORSIM simulates traffic operations in one-second 

(time step) intervals and individual vehicles are identified by fleet (auto, carpool, truck, 

or bus) and type. Up to nine different types of vehicles (with different operating and 

performance characteristics) can be specified, and a driver behavioral characteristic 

(passive or aggressive) may be assigned to each vehicle.  The software enables the 

establishment of vehicle speed, acceleration and status (queued or moving).  Turning 

movements are assigned stochastically; as are free-flow speeds, queue discharge 

headways, and other behavioral attributes. As a result, each vehicle's behavior can be 

simulated in a manner reflecting real-world processes (FHWA 2004a).   

INTEGRATION 

The INTEGRATION model is a trip-based microscopic traffic simulation model, which 

is designed to trace individual vehicle movements from a vehicle’s origin to its 

destination at a level of resolution of one status update every one-tenth of a second, or 

deci-second (Rahka 2003).   The model combines car-following, vehicle dynamics, lane 

changing, energy, and emission models to estimate mobile source emissions directly from 

instantaneous speed and acceleration levels.  The system of car-following models 

captures both steady state and non-steady state longitudinal vehicle behavior along a 

roadway section.  The non-steady state behavior characterizes how vehicles move from 

one steady state to another, which involves either vehicle deceleration or acceleration. 

Lane-changing behavior describes the lateral behavior of vehicles along a roadway 

segment, and affects the vehicle car-following behavior especially at high intensity lane 
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changing locations – such as at merge, diverge, and weaving sections (Rahka and Ahn 

2003).    

PARAMICS 

PARAMICS, developed by Quadstone Limited of Scotland, is used to model the 

movement and behavior of individual vehicles and transit on local arterial and regional 

freeway networks (Choa, Milam, Staneck 2002).   The software allows for simultaneous 

network editing and simulation in addition to two- and three-dimensional animation.  

With PARAMICS it is possible to model features such as bus operations, traffic signal 

settings, driver behavioral characteristics and vehicle kinematics (Sykes and Bennett 

2004).    

VISSIM 

VISSIM (VISual SIMulation) was developed in Germany by Planung Transport Verkehr 

(PTV).  The software uses vehicle and driver behavior models to simulate traffic 

movement on integrated networks in one-second (time step) intervals, and interfaces with 

planning/forecasting models (PTV America 2004).  In particular, with VISSIM it is 

possible to simultaneously analyze arterial and freeway traffic conditions in a single 

model.   The software can be used to model various modes in addition to general purpose 

traffic; buses, light rail, heavy rail, trucks, pedestrians, and bicycles can be included in a 

single model (Bloomberg and Dale 2000).  In addition, various traffic management 

strategies can be emulated, which include fixed time, actuated, adaptive, transit signal 

priority and ramp metering (Bloomberg and Dale 2000). 
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Conclusion 

As can be seen from the previous discussion, each of the tools may be (and has been) 

used to evaluate various transportation technologies and policy interventions (e.g., 

Advanced Traveler Information Systems (ATIS), traffic signal operations and timing 

optimization, etc).  Table 2.1 provides examples of how each tool has been used to assess 

the effectiveness of Ramp Metering in selected U.S. cities.   Findings validate the 

perspectives of both supporters and those who are skeptical about the merits of Ramp 

Metering.   

 

Table 2.1 Simulation Tools 

Location Description Observations/Findings 
Atlanta, GA 
 
 

CORSIM is used to 
simulate fixed time Ramp 
Metering on northbound I-
75 corridor.  

Ramp Metering results in a 
16.5% decrease in total 
travel time and a 19.7% 
increase in average speed.   
Hasan, Jha and Ben-Akiva 
(2002)   

   
Detroit, MI 

 

INTEGRATION is used to 
simulate Ramp Metering 
and other ITS applications 
on the M-10 Corridor (John 
Lodge Freeway) 

Ramp Metering increases 
delay and vehicle stops and 
reduces vehicle speeds on 
arterials leading to the 
freeway and within the 
freeway corridor.  Shah and 
Wunderlich (2001)    

   
Hayward, CA 
 

PARAMICS is used to 
simulate the effects of 
Ramp Metering on a 9.2 
mile section of I-880. 

Crash potential is reduced 
when Ramp Metering is 
implemented.  However, the 
overall safety benefits of 
Ramp Metering are 
dependent upon traffic 
conditions in the vicinity of 
the ramp merge area, the 
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control strategy that is 
employed (e.g., dynamic, 
pre-timed metering 
algorithms), and the 
geographic area over which 
the evaluation is conducted.  
Lee, Hellinga, Ozbay 
(2006) 

   
Orlando, FL    
 
 

PARAMICS is used to 
simulate a 19-mile segment 
of Interstate 4 (including the 
downtown area).  The 
simulated network consists 
of 17 interchanges, 59 
ramps and speed limits that 
range from 50 to 65 miles 
per hour. 

An inconsistent change in 
crash potential is observed 
when Ramp Metering is 
implemented.  Gayah et al 
(2006)  
 

   
Arlington, TX  
 
 

VISSIM is used to evaluate 
Ramp Metering as 
implemented on SR 360.  
Scenarios reviewed include 
varying traffic 
volumes/demand, no 
metering, and two different 
metering algorithms (fixed 
time and traffic responsive).  

Travel time with metering is 
higher than when metering 
is not used.  No changes to 
pre-existing metering 
approaches should occur; 
the maximum metering rate 
yields the greatest 
operational efficiencies.  
Chaudhary et al (2004) 

 

 

In light of the findings from studies using the four most popular simulation tools, the 

second data source is examined.  Empirical analyses that were conducted abroad and 

within the United States inform the discussion of the effects of each of the three strategies 

on quality of life.   
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Empirical Analyses 

In 2006, the Transportation Research Group at the University of Southampton 

investigated the impacts of Ramp Metering on driver behavioral changes, roadway 

efficiency, and travel time at metered intersections.  The study used an instrumented 

vehicle (one equipped with measuring devices) and sixteen male and female drivers from 

different age groups with varying levels of driving experience to measure behavioral 

parameters, such as acceleration/deceleration, speed, headway, lane changing rates, gap 

acceptance, merge distance and speed at merge (Wu, McDonald and Chatterjee 2006).  

Junction 11 on the M27 motorway in South England was selected as the study area.  Over 

an eight-week period, ramp meters were turned on (or off) for four weeks at a time.   The 

authors concluded the following:  

· there is no significant evidence that Ramp Metering smoothes traffic downstream of a 

metered intersection by increasing headways or reducing decelerations rates; does not 

have significant impacts on passing traffic speeds, headways, or 

acceleration/deceleration rates; 

· there is no clear evidence that an increase in lane changing prior to a merge zone 

adversely affects roadway safety; there are only insignificant impacts on speed and 

headways of passing traffic; and 

· merge conditions are easier from on-ramps, because Ramp Metering increases gaps 

and lowers necessary merge speeds. 
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Kwon and Varaiya (2007) examined HOV Lane benefits that would exist if the HOV 

Lane were replaced by a General Purpose (GP) lane.  The empirical study of California’s 

HOV system found that: 

· many HOV facilities are underutilized during the PM peak hour; 

· 18% of all HOV miles during the AM peak hour and 32% during the PM peak hour 

experience average travel speeds below 45 mph for more than 10% of weekdays; 

·  travel time savings are minimal in HOV Lanes vs. general purpose lanes (1.7 

minutes); 

· HOV travel times are more reliable; 

· travel time savings do not provide a statistically significant carpooling incentive;  

· a system with one HOV Lane and three GP Lanes carries the same number of persons 

per hour as a system with four GP lanes; and 

· HOV Lanes reduce overall congestion only when the GP lanes are allowed to become 

congested. 

The authors concluded that HOV Lanes can be useful if there are significant numbers of 

buses and vanpools using the facilities.  In addition, they argue that facilities would be 

more efficient if a HOV Lane is converted into a HOV/HOT Lane combined facility. 

Li (2001) uses a multivariate logistic model to examine the factors that determine vehicle 

occupancy, trip length, trip purpose, frequency of travel (on SR 91 in California), income, 

age, household size and household type as independent variables.  The author concludes 

that, controlling for other variables, household income, vehicle occupancy, trip purpose 

and age are important determinants of HOT Lane use.  In addition, Li argues that gender, 
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trip length, trip frequency, household size and household type make no significant 

difference in HOT Lane use (after controlling for other important explanatory variables).  

The author also asserts that: 

· HOT Lanes will be more likely to succeed in areas where traffic congestion is worse 

and perform better when the cost of toll facilities and the initial proportion of people 

in HOVs are low; 

· HOT Lanes may discourage carpooling; and 

· economic factors (financial ability) play a significant role in decisions on HOT Lane 

use.     

Conclusion 

The empirical analyses reveal contrasting perceptions about the advantages of Ramp 

Metering, HOV Lanes and HOT Lanes.  These differences may be attributed to the scale 

or scope of the evaluations or other limitations.  Considering this, an examination of a 

final data source, reports of field operational tests of each of the three strategies, is now 

undertaken.   

Field Operational Tests 

Reports from field operational tests at selected sites within the United States and at 

international locations inform the assessment of the quality of life effects of each 

strategy.  It should be noted that field operational tests have been conducted at more sites 

than are presented; however, the presentation is sufficient to formulate general 

conclusions about the outcomes of strategy implementation.  Table 2.2, Table 2.3 and 

Table 2.4 show the location at which the strategy is implemented, the deployment 
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approach and changes that were observed (i.e., in driver behavior, transportation network 

performance, etc.).      
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Table 2.2 Field Operational Tests – Ramp Metering 

Location Deployment 
Approach 

Observations/Findings  

United States   
Austin, TX 

 

Three meters were 
installed on ramps 
along a northbound 
section of I-35 for 
operation during 
the AM peak 
period.  The 
section had two 
bottlenecks, a lane 
drop and a high 
volume ramp. 

Throughput increased by 7.9% 
and speeds increased by 60%.  
(The meters were later removed 
when geometric improvements 
were applied to the roadway 
section.)  Pearson, Black and 
Wanat (2001) 

   
Houston, TX 

 

Ramp meters along 
the I-10 Katy 
Freeway were 
installed in late 
1996 and evaluated 
in early 1997 vs. 
the pre-metered 
conditions. 

The total estimated travel time 
savings (without metering vs. 
with metering) was 2,875 
vehicle-hours.  For an estimated 
value of time of $12.88 per 
vehicle hour, the time savings 
resulted in benefits of $37,030 
per day.  TXDOT (Parsons 
Transportation Group and TTI) 
estimated that the time savings 
would be realized 150 days per 
year.   Pearson, Black and 
Wanat (2001) 

   
Denver, CO 

 

The Denver system 
started with 
metering on five 
ramps on 
northbound I-25 in 
the late 1970s. 
Geometric 
improvements 
were required to 
upgrade 
acceleration lanes 
to standard length 
and improve 

A two-year evaluation showed 
that speeds increased by 58%, 
vehicle hours of travel decreased 
by 37%, vehicle emissions 
decreased by 24% and accidents 
decreased by 5%.  With 
metering, mainline traffic 
volumes were greater than 2450 
vehicles per hour and arterial 
traffic volumes increased from 
100-400 vehicles per hour 
without a degradation of arterial 
traffic conditions.  Pearson, 



 

 28 

Location Deployment 
Approach 

Observations/Findings  

intersection 
designs.   

Black and Wanat (2001) 

   
Denver, CO 

 

The metering 
system was 
subsequently 
expanded to a 
centralized system 
with additional 
meters. 

The centralized system was only 
beneficial when congested 
conditions existed, i.e., speeds 
less than 55 mph.  When speeds 
were near 55 mph, central 
coordination showed little 
benefit.    
Pearson, Black and Wanat 
(2001) 

   
Detroit, MI 

 

Metering was 
initiated in 1982 on 
six ramps on 
eastbound I-94 and 
expanded to more 
ramps. 

Speeds increased by 
approximately 8%, although 
volumes increased from 5600 to 
6400 vehicles per hour.  The 
total number of accidents was 
reduced by nearly 50% and the 
number of injury accidents 
decreased by 71%.   Pearson, 
Black and Wanat (2001) 

   
Long Island, NY 

 

Sixty ramp meters 
were installed on 
the eastbound 
Long Island 
Expressway.  

Mainline travel times decreased 
18% (from 26 to 22 minutes), 
and the average motorist using a 
metered ramp saved 13% in 
travel time.  Average speeds 
increased 21% (from 29 mph to 
35 mph).  The number of 
detectors showing a ramp speed 
less than 30 mph decreased by 
50% during the AM peak. 
Pearson, Black and Wanat 
(2001) 

   
Minneapolis/St. Paul, MN 
 
 

Meters were 
installed in the 
1970s along a 
section of I-35E.  
The system was 

Over a 14 year period, peak 
period speeds maintained a 16% 
increase (from 37 mph to 43 
mph), in spite of volumes 
increasing by 25%.  The average 
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Location Deployment 
Approach 

Observations/Findings  

initially operated 
on fixed time but 
was later upgraded 
to isolated traffic 
responsive 
operation. 

number of peak period accidents 
decreased by 24% and the peak 
period accident rate decreased 
by 38%.  Pearson, Black and 
Wanat (2001) 

   
Minneapolis/St. Paul, MN  
 
 

In 1974, 39 ramp 
meters were 
installed on I-35 
westbound. 

A ten-year evaluation showed 
that average peak period speeds 
increased 35% (from 34 mph to 
46 mph) and average peak 
period throughput increased by 
32%.  The number of accidents 
decreased by 21% and the peak 
period accident rate decreased 
by 38%.   Pearson, Black and 
Wanat (2001) 

   
Portland, OR 

 

In 1981, sixteen 
ramp meters were 
installed on 
northbound and 
southbound I-5. 

Average northbound speeds 
increased from 256% (from 16 
mph to 41 mph).  Average 
speeds in the southbound 
directed increased 8% (from 40 
mph to 43 mph).  There was a 
43% reduction in peak period 
accidents.  Pearson, Black and 
Wanat (2001) 

   
Seattle, WA 
 

In 1981, meters 
were installed on a 
6.9 mile test 
corridor, seventeen 
southbound and 
five northbound 
ramps of I-5 north 
of Seattle. 

Over a six-year study period, 
travel time decreased 91% (from 
22 minutes to 11.5 minutes), 
despite an increase in mainline 
volumes of 86% northbound and 
62% southbound.  The accident 
rate decreased approximately 
39% and average delays were at 
or below 3 minutes.  Pearson, 
Black and Wanat (2001) 
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Location Deployment 
Approach 

Observations/Findings  

International   
Glasgow, Scotland 

 

Field tests of ramp 
metering on the M-
8 Corridor. 

Traffic volumes increased 
within the evaluation network 
by 2% (increased 5% on 
motorways and 13% on urban 
diversion routes; decreased 3% 
within the total urban network).  
Travel time decreased by 2% in 
the total evaluation network 
(decreased 5% on the motorway 
and increased 4% on urban 
diversion routes).   
Diakaki, C. et al (2000)  

   
Midlands, England 

 

An isolated fixed 
time ramp meter 
was implemented 
on the M6 
motorway. Using a 
central computer 
for monitoring, the 
ramp meter 
released platoons 
of up to 9 vehicles. 

Bottleneck capacity increased 
by 172 vehicles per hour (3.2%), 
which resulted in an estimated 
20-minute reduction of the peak 
period.  This resulted in a daily 
savings of 107 vehicle hours; 
however ramp delays increased 
travel time by 1.5 minutes.  Less 
than 5% of drivers were diverted 
to arterials, although trip times 
did change (a shift to earlier 
arrivals took place).  Pearson, 
Black and Wanat (2001) 

   
Paris, France 
 

Field trials of 
Ramp Metering 
were conducted on 
the southern part of 
the Corridor 
Peripherique. 

Speeds were 50% higher on the 
motorway than on a parallel 
arterial.  Ramp metering 
reduced the recurrent congestion 
level and increased the mean 
speed on the motorway.  Travel 
time decreased by 5.9%.     
Haj-Salem and Papageorgiou 
(1995) 

   
Zoetemeer,  Netherlands 
 

Nine meters were 
installed on an 11.5 
km study area 

Bottleneck capacity increased 
by 3%, speeds increased 155 
(from 46 kph to 53 kph) and 
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Location Deployment 
Approach 

Observations/Findings  

 along the A12 
motorway between 
Utrecht and Hague 
in 1995.   

travel times decreased by 13% 
(from 13.8 minutes to 12.0 
minutes).  Ramp travel time 
increased by about 20 seconds. 
Pearson, Black and Wanat 
(2001) 
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Table 2.3 Field Operational Tests – HOV Lanes5 

Location Deployment Approach Observations/Findings 

Dallas, TX 
 

HOV2+ implemented on 
IH-30, IH-35E North, IH-35 
South, IH-635 and US-67. 

The total person volume 
increased in each corridor; 
average vehicle occupancy 
increased by 8-12% 
increase on all freeways.  
Travel time savings ranged 
from 3-13 minutes.  Speeds 
in general purpose lanes 
remained constant or 
increased.  Crash rates 
increased during the peak 
period.   Skowronek, Ranft 
and Cothron (2004) 

   
Boston, MA HOV2+ implemented in 

one southbound lane of I-93 
during the AM peak period. 

Travel time savings 
averaged 2-6 minutes 
during the AM peak period 
and 3-4 minutes during the 
PM peak period.  Travel 
times in general purpose 
lanes increased.  Boston 
MPO (2004)  

   
Montgomery County and 
Prince George’s County, 
MD 

HOV2+ implemented in 
one lane in each direction of 
I-270 during the AM and 
PM peak periods. 

Travel time savings ranged 
from 6-8 minutes during the 
AM peak period.  During 
the PM peak period, travel 
time savings ranged from 8-
12 minutes.  Zilliacus, 
Burke and Seifu (2005) 

   
 
 

  

                                                 
5 An extensive inventory of existing and proposed High Occupancy Vehicle Lane facilities is found on the 
HOV Lane Pooled-Fund Study website, 
(http://hovpfs.ops.fhwa.dot.gov/inventory/uploaded_main_files/_Hov%20Operations%2007-1-041.doc) 
FHWA (2004b).  The goal of the HOV Pooled-Fund Study is to assemble regional, state, and local 
agencies, and the Federal Highway Administration to (1) identify issues that are common among agencies; 
(2) suggest projects and initiatives; (3) select and initiate projects intended to address identified issues; (4) 
disseminate results; and (5) assist in solution deployment (FHWA 2004c).  
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Location Deployment Approach Observations/Findings 

Fairfax County, Loudoun 
County, Prince William 
County, VA 
 

HOV3 implemented on two 
reversible lanes of I-395 
during the AM and PM 
peak periods.  HOV2+ 
implemented on one lane in 
each direction and 2-3 
restricted lanes of I-66 and 
I-267 during the AM and 
PM peak periods. 

Travel time was 37 minutes 
less in the I-395 HOV Lane, 
17 minutes less on I-66 and 
20 minutes less on I-267 
during the AM peak period.  
During the PM peak period, 
travel times were 28 
minutes, 22 minutes and 4 
minutes less on I-395, I-66 
and I-267, respectively.  
Zilliacus, Burke and Seifu 
(2005) 

   
Los Angeles County, CA 

 

HOV2+ implemented 24 
hours a day in one lane in 
each direction of I-105, I-
110, I-210, I-405, I-605, SR 
30, SR 57, SR 60, SR 91, 
SR 118, SR 134 and SR 
170.  HOV3 and HOV2+ 
(off-peak) implemented 24 
hours a day on I-10.  

Travel time savings 
averaged 15 minutes during 
the AM peak period and 10 
minutes during the PM peak 
period.  Helou (2006)  

   
Orange County, CA 

 

HOV2+ implemented 24 
hours a day in 1 lane in 
each direction of I-5, I-405, 
SR 55, SR 57 and SR 91.  
HOV 2+ implemented 24 
hours a day in 2 lanes in 
each direction on I-5. 

Travel time savings 
averaged 2 minutes during 
the AM peak period and 5 
minutes during the PM peak 
period.   Macias et al (2004) 

   
San Bernardino, CA 

 

HOV2+ implemented 24 
hours a day in one lane in 
each direction of I-10, SR 
30, SR 60 and SR 71. 

Travel time savings 
averaged 9 minutes during 
the AM peak period and 7 
minutes during the PM peak 
period.  Helou (2006)  

   
Miami-Dade County, FL 
Palm Beach County, FL 
Broward County, FL 
 

HOV2+ implemented on 
one lane in each direction of 
I-95 during the AM and PM 
peak periods. 

HOV volumes increased in 
all counties during the AM 
and PM peak periods.  
Overall travel speeds and 
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Location Deployment Approach Observations/Findings 

LOS were higher than GP 
lanes. Travel time savings 
were over 3.5 minutes 
(from 5 min 17 sec to 8 min 
40 sec) during the AM peak 
period.  Gannett Fleming 
(2006) 

   
Salt Lake City, UT HOV2+ implemented in 

one lane in each direction of 
I-15 during the AM and PM 
peak periods. 

Travel time savings (HOV 
vs. GP lanes) were 
approximately 2 minutes. 
HOV Lane mean speed was 
higher than GP lane speeds 
and exceeded the national 
mean speed of 54 miles per 
hour during the peak 
periods.  Martin, Lahon and 
Stevanovic (2005) 
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Table 2.4 Field Operational Tests – HOT Lanes 

Location Deployment Approach Observations/Findings 
Houston, TX The single reversible 

(center) lane of the Katy 
Freeway (I-10) 
implemented for 13 miles 
and handles inbound traffic 
in the AM and outbound 
PM traffic.  An HOV Lane 
was converted in 1998 to 
create a HOT Lane.  SOVs 
prohibited, HOV-2s may 
use the facility for a fee, 
HOV-3 and buses allowed 
free of charge at all times.  

Although travel speeds vary 
in HOT and GP lanes, 
speeds were higher in the 
HOT Lane during the AM 
and PM peak periods.  The 
average travel time savings 
was 19.3 minutes during the 
AM peak period and 21.4 
minutes during the PM peak 
period.  Throughout the 
entire day, average travel 
time savings was 
approximately 20 minutes.  
Stockton et al (2000) 

   
Seattle, WA 

 

In 2003, SOVs were 
granted access to four of the 
five primary corridors in the 
Puget Sound region (I-405, 
SR 167, SR 520 east of I-
405, and I-90 east of East 
Mercer Way on Mercer 
Island).   

Run-off-road collisions 
(including during nighttime 
hours), and the number of 
left shoulder and median 
nighttime collisions on I-
405 decreased by 33%.  
HOV Lane volumes 
increased and speeds in 
HOV and general purpose 
lanes were at or near the 
speed limit. (General 
purpose lane speeds 
increased 2 miles per hour.)  
Hallenbeck et al (2006)  

   
Minneapolis/St. Paul, MN 

 

In May 2005, a segment of 
the primary east-west 
corridor between downtown 
Minneapolis and the 
western suburbs (I-394) was 
open to SOVs.  Variable 
pricing (based upon 
congestion levels and 
distance traveled) charged 
to users via electronic toll 
passes.   

Corridor throughput 
increased during the peak 
hour by 5%.   Speeds in 
general purpose lanes 
increased by approximately 
6%.  Implementation of the 
HOT Lane reduced the 
number of observed crashes 
by 14%.    Cambridge 
Systematics, Inc. (2006) 
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Location Deployment Approach Observations/Findings 
   
Orange County, CA In December 1995, two 

eastbound and two 
westbound lanes of SR 91 
were opened, charging 
variable tolls based upon 
time of day and day of 
week.  Users establish 
accounts based on projected 
facility usage; HOV-3+ 
receive a 50% discount on 
tolls. 

Accident rates decreased in 
the HOT Lane but increased 
on the roadway section east 
of the HOT Lane.  
Motorists perceive travel 
time savings to be 5-30 
minutes. (The researcher 
believes the time savings is 
overestimated).  Sullivan 
(2000) 

   
San Diego, CA In 1996, SOVs were 

allowed to use two 
northbound and southbound 
converted HOV Lanes that 
operate within the median 
of I-15 for 8 miles.  The 
deployment consists of 
variable pricing and HOV-
2+ use the facility free of 
charge.  

Free flow travel conditions 
existed 99% of the time.  
Average travel time 
decreased by 4-6 minutes.  
Supernak (2004) 

 

 

The Concept of Quality of Life 

Wood-Dauphinee (1999) argues that the expression quality of life was first mentioned by 

Pigou (1920) when he discussed governmental support for the lower class and its impact 

on their lives and national finances.  In the ensuing years, efforts to quantify the concept 

continued.  Empirical research in the 1960s and early 1970s focused on finding effective 

ways to measure wellbeing and applying those measures to broad populations of 

individuals requiring health care (Cox et. al. 1992).   
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Liu (1975) articulates a quality of life model that consists of a set of quantifiable 

variables and nine component indicators.  The model is given as: 

QOL = ƒ(PS, PH); PH = ƒ(S, E, P); S = ƒ(IS, IE, LC);  E = ƒ(ES, TD, AP); 

P = ƒ(HW, ED, SG). 

In the model, PS represents psychological inputs, PH represents physical inputs; and S, E 

and P are socio-environmental, economic and political components.  The nine component 

indicators are individual status (IS), individual equality (IE), living conditions (LC), 

economic status (ES), technological development (TD), agriculture production (AP), 

health and welfare provision (HW), educational development (ED) and state and local 

governments (SG).  The author argues that the model makes it possible to explain policy 

decisions in terms that exceed what might be considered solely from an economic 

motivation.   

 Ackoff (1976) argues that quality of life is a matter of aesthetics; that it involves 

satisfactions to be derived from everything we do.  The author contends that the key to 

improved quality of life is participative planning (involving stakeholders in improving 

their reality).   Gerson (1976) defines quality of life in terms of outcomes of negotiations 

or patterns of commitment between individuals and society.  The author argues that 

quality of life should be measured as the joint allocation of money, time, skill and 

sentiment.  Schneider (1976), Milbrath (1979) and Schuessler and Fisher (1985) draw 

distinctions between objective and subjective6 social quality of life indicators and argue 

                                                 
6 Objective indicators as data gathered from government administrative reports or the census regarding 
income, wealth, employment, the environment (including transportation costs), health, education, social 
disorganization, alienation and political participation.  Subjective social indicators as survey research 
reports obtained from individuals regarding life experiences and subjective evaluations of life conditions. 
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that both types of indicators are necessary to conduct an effective assessment of quality 

of life.  Boyer (2003) defines quality of life as those aspects of the economic, social and 

physical environment that make a community a desirable place in which to live or do 

business.  The author asserts that quality of life factors include climate and natural 

features, access to schools, housing, employment opportunities, medical facilities, 

cultural and recreational amenities, and public services.  Weisner (2004) argues that, 

while some dimensions of quality of life can be quantified using indicators related to 

determinants of health and community wellbeing, other valid dimensions of quality of 

life include the perceptions of community residents about aspects of their neighborhoods 

and communities that either enhance or diminish their quality of life.  Wingo and Evans 

(1977) argue that quality of life encompasses money and non-pecuniary components 

under the argument that one can be traded for the other.     

When evaluating the effects of policy decisions on quality of life, Carley and Bustelo 

(1984) argue that one must examine changes in psychological and physiological factors, 

community processes, and changes in the production, distribution and consumption of 

goods and services as well as intangible aspects of life such as social integration, 

community and friendship networks, and a sense of place and community cohesion.  The 

authors assert that these impacts may be direct and indirect (i.e., multiplier or induced 

impacts), gross and net7.   

                                                 
7 Gross impacts are the projected future environment with the proposed change examined in light of the 
existing environment without the change.  Net impacts are the proposed future environment with the 
proposed change minus the projected future environment without the proposed change.   



 

 39 

When applying the concept of quality of life to transportation policymaking, Stein (2002) 

asserts that an assessment of the effects of transportation policies on quality of life must 

capture and reflect the complex interrelationships between transportation and the social, 

economic, land use and environmental contexts of host communities and individuals 

within communities.  Yago (1983) expounds upon these complex interrelationships by 

arguing that transportation policies not only contribute to transportation-related stress that 

is experienced by stakeholders (tension created by increased traffic noise, highway 

congestion, increased travel time, etc.) but also impact residential segregation, 

decentralized or polycentric land use patterns, energy use, and inequity in the distribution 

of transportation services (e.g., mismatch between residential location and employment 

opportunities among the urban poor, and social isolation of youth, elderly, disabled, racial 

and ethnic minorities and women).  The aforementioned definitions and insights motivate 

this research. 

Conclusion 

Simulation studies, empirical analyses and field operational tests all conclude that 

implementing Ramp Metering, HOV Lanes and HOT Lanes influences driver behavior.  

All analytical approaches and evaluations highlight changes in route and mode choices, 

and travel preferences (participation in carpools, frequency of participation in carpools, 

changes in the number of individuals within the carpool) and cite adjustments in the times 

that trips are undertaken (Martin et al 2005, Gannett Fleming 2006, Transport Canada 

2007, Stockton et al 2000, Zilliacus et al 2005, Macias et al 2004).  Specifically, a 

compilation of field operational test results reveal a median decrease of 13% in travel 
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time, a median decrease of 35% in vehicle crashes, a median increase of 21% in travel 

speeds and a median increase in throughput of 32%.  HOV Lane field operational tests 

report median travel time savings of 4.5 minutes.  HOT Lane test results indicate median 

travel time savings of 5 minutes and accidents are reduced by median of 23.5%.  

Noteworthy, however, is the fact that the simulation studies, empirical analyses and field 

operational test results under review do not address the effects of the three strategies on 

socioeconomic (quality of life) considerations, such as employment and migration.  This 

observation underpins the research that is undertaken and supports the general premise of 

this dissertation – traditional decision support tools and approaches (simulations and field 

operational tests) should be augmented with qualitative data to more adequately assess 

the quality of life concerns of transportation policy stakeholders.  However, before 

discussing the research methodology and subsequent research findings, an examination of 

the public policy implications of adopting the three strategies is undertaken.   
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Chapter 3 Public Policy Implications 

 

An examination of the public policy implications of implementing specific 

transportation strategies such as Ramp Metering, HOV Lanes and HOT Lanes will 

begin with an overview of several disparate but interrelated phenomena: the Baby 

Boom generation, reductions in household size, surges in driver licensing and vehicle 

ownership, and women’s transportation issues.  The overview underpins a discussion 

of travel trends and driver behavior that is essential to establishing the significance of 

this dissertation and its contribution to the field.  This is followed by an exploration of 

how the above phenomena affect transportation policy implementation, travel demand 

modeling and quality of life.   The concluding remarks focus on some of the 

challenges that transportation policy makers face in light of the developments that 

were highlighted and provide the transition to the important research questions of this 

dissertation.         

Baby Boomers 

One of the prevailing demographic stories over the last few decades has been the Baby 

Boom Generation, individuals born between 1946 and 1964.  This age cohort 

accounted for the largest percentage increase in the United States population by age 

group between the decade of 1990-2000 (Hobbs and Stoops 2002, U.S. Census 2001).  

These seventy-five million Americans are projected to live longer because of 
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improved health care and healthier lifestyles (Spain 1997, CBO 1998, Goulias et al 

2007).  In particular, life expectancy for baby boomers born in 1950 is 68.2 (DHHS 

2006).  Individuals born in the latter portion of this demographic group are expected to 

live longer than their predecessors; life expectancy at birth for individuals born in 

1960 is 69.7 (DHHS 2006).   Goulias et al (2007) contends that baby boomers are 

more active and outgoing, are wealthier, less thrifty, more dependent on private 

vehicles, technologically savvier and are able to communicate with others using 

technologies.   The authors contend that this group will stimulate radical changes in 

numerous policy areas, including health care, labor markets, banking, stock markets, 

social welfare systems and services, and transportation.    

Household Size, Driver Licensing and Vehicle Ownership 

Lower birth rates, the maturation of baby boomers’ offspring, and changing trends in 

society (e.g., later marriage, greater longevity, and higher divorce rates) all have 

contributed to decreases in household sizes in the latter part of the Twentieth Century 

(Spain 1997, Slater 2000).  Specifically, median household size declined from 3.35 in 

1960 to 2.62 in 2000 to 2.57 in 2005 (U.S. Census 2006a).    However, household size 

decreases did not result in a consequent reduction in driver licensing and vehicle 

ownership.  On the contrary, for the twenty year period of 1980-2000, the number of 

licensed drivers increased from approximately 150 million to over 190 million 

(FHWA 2003b).  Edmondson (2006) contends that between 1969 and 1995, the 

number of drivers in the United States increased more than three times as fast as the 

population, and the number of household vehicles increased six times as fast as the 
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population.  The author reports that nine out of 10 adults drive, and two-thirds of all 

car trips are made alone. 

Spain (1997) argues that vehicle ownership has become almost as universal as driver 

licensing.  The author asserts that between 1977 and 1995, vehicles per household rose 

from 1.59 to 1.78, in spite of declining household sizes.  Using U.S. Census data from 

1990-2004, Pisarski (2006) provides the following statistics on driver licensing and 

vehicle ownership: 

• eighty-nine percent of men and 84% of women have a driver’s license, as do 84% of 

individuals between the ages of 25-64;   

• ninety-five percent of baby boomers between the ages of 35-54 are licensed drivers;   

• on average, the majority of households have access to a number of vehicles equal to or 

greater than the number of workers in the household.  Approximately 93% of one 

worker households have one or more vehicles. Eighty-seven percent of two worker 

households have two or more vehicles. Seventy-three percent of three worker 

households and 55% of four worker households have three or more vehicles.  Only 4% 

of workers live in households with no vehicles; 

• twelve percent of workers live in households where there are more workers than 

vehicles.  Almost half of all workers are in households where they have the same 

number of vehicles as workers.  Thirty-five percent of workers live in households 

where the number of vehicles available exceeds the number of workers; and   

• driving alone continues to increase. In 33 states, single drivers comprise 70%-80% of 

all vehicle shares.   
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Female Labor Force Participation  

Between 1980 and 1995, the number of civilian workers grew from 107 million to 132 

million (Edmondson 2006).  By May 2006, the civilian labor force had reached 151 

million (U.S. Census 2006b).  Labor-force growth is closely associated with growth in 

female participation.   The proportion of working women (16 years of age and older) 

increased from 37% in 1969 to 61% in 1995, and the proportion of women drivers 

during the same timeframe increased from 61% to 86%.  Rosenbloom (2006) offers 

the following statistics on female labor force participation: 

• in 2002, approximately 62% of women 16 years of age and older participated in the 

labor force, up from 42% in 1975;   

• greater than 75% of women 25-34 years old worked in salaried jobs in 2002;   

• seventy percent of 45-54 year old women were in the labor force in 2001; and   

• seventy percent of married women work outside the home and 82% of single mothers 

with children worked full time in 2003. 

Rosenbloom (2006) argues that women are more likely to be employed in service 

industries, which are more geographically dispersed and rarely create spatial 

agglomeration.  These types of employment sites are less likely to be served by public 

transit and are less conducive to carpooling.  

Public Policy Considerations 

The foregoing discussion provides an overview of developments that individually and 

collectively affect transportation policies.  The ensuing dialogue focuses on how these 
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developments influence travel trends, driver behavior, transportation policy 

implementation, travel demand modeling and overall quality of life.      

Travel Trends and Driver Behavior 

Most baby boomers became drivers during their teenage years.  As a result, they are 

highly accustomed to the freedom, independence, convenience and flexibility that 

automobiles provide.  They have grown up with high expectations in trip-making and 

are accustomed to the level of comfort, privacy and spontaneity that traveling in a 

private automobile provides (Goulias et al 2007).  Burkhardt et al (2002), Goulias et al 

(2007) and Granda and Thompson (2006) all assert that key travel trends will emerge 

as baby boomers age.  The authors argue that there will be: 

• large amounts of travel and diverse travel patterns;  

• a continued emphasis on automobile travel (as opposed to the use of public transit);  

• higher levels of expectations of service;  

• the need for cost-effective public transit solutions for low-density areas (because of 

aging in place – development in suburban areas and people living and retiring in 

suburban areas); and  

• the need for comprehensive solutions that address the travel needs of high-income and 

high-mobility seniors and the simultaneous needs of low-income and low-mobility 

seniors.   

Burkhardt et al (2002) argue that baby boomers will travel more (taking more trips and 

driving more miles) than previous generations, and will continue to lead active, 

independent and mobile lifestyles as they age.   The authors contend that trip rates will 
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continue to increase and that high levels of life satisfaction will be strongly dependent 

upon access to a wide range of highly dispersed activities and services.  Goulias et al 

(2007) argue that aging baby boomers will need to drive to services either by themselves 

(volunteering in organizations, pursuing new careers, or getting jobs to maintain habits 

and lifestyles) or with others (older relatives, friends or spouses in poor health).   

Issues Related to Women 

Edmondson (2006) argues that working women and working mothers are responsible 

for the biggest change in how the transportation system is being used.  These 

individuals are more dependent upon personal vehicles and engage in more 

multipurpose trips than their male counterparts.  Rosenbloom and Burns (1994) assert 

that for every one percent shift from non-driver to driver in the female population, 

total travel jumps almost 10 billion miles per year.   Rosenbloom (2006) characterizes 

the travel behavior of women by noting that women:  

• make more daily trips but travel fewer miles than their male counterparts; 

• are more likely to make trips that serve others; 

• are more likely to link or chain trips together; 

• are less likely to have crashes but are more likely to be severely injured when involved 

in a crash; 

• have more variable travel patterns; and  

• are more likely to drive alone.   

The author argues that differences in travel choices and behavior between women and 

men may be explained by variances in household roles, employment status, occupation, 
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income and residential location.  Spain (1997) echoes this assertion by arguing that 

women are more dependent upon the private automobile because multiple obligations 

require them to combine work trips with shopping, chauffeuring children and responding 

to home emergencies.   

Policy Interventions/Implementation   

Rosenbloom and Burns (1994) argue that travel demand management programs and other 

policy interventions are often designed to: increase the cost of using or parking a car, 

implement mandatory changes in work schedules, and make alternative modes more 

attractive.  However, in the short run, many women will not be able to give up their cars 

and will face severe financial burdens as a result of the nature and number of trips they 

must make.  The authors further contend that, in the long run, many women will not be 

able to move their jobs closer to their homes (or vice versa) and may have to travel 

farther to find appropriate jobs while continuing to pay the transportation demand 

management program/policy intervention costs.  The authors argue that women would 

suffer seven major types of problems if policy interventions force them to abandon 

personal vehicles in lieu of alternative modes or mandated work schedules: 

1. Additional child or elder care expenses caused by time lost in traveling via 

alternative modes, 

2. Loss of the ability to conduct out-of-home domestic responsibilities (shopping, 

chauffeuring children) because of lack of time or flexibility, 

3. Loss of time to conduct in-home domestic responsibilities (preparing meals, 

spending time with children or aging parents), 
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4. Inability to find appropriate child or elder care providers whose hours match new 

work schedules or longer commutes via alternative modes, 

5. Inability to respond to at-home emergencies or disruptions (a child becoming ill at 

school), 

6. Exposure to additional (perceived or actual) danger walking to or from stops or 

riding transit, 

7. Inability to find or use alternatives matched to work schedules or home location 

(buses that run infrequently or require several transfers or a long walk from the 

employment site to a stop). 

The authors assert that policies that are aimed at reducing automobile use have a major 

impact on working mothers because they may be the most responsive to financial 

sanctions and incentives, in light of their lower average incomes.  They contend that the 

car allows women to deal with discrimination in the housing and labor markets, and the 

dispersion of goods and services in suburban areas.  They conclude that the car, though 

not without security problems, addresses the larger security concern that most women 

have with alternative modes. 

Travel Demand Modeling 

Goulias et al (2007) contend that travel behavior patterns of baby boomers will 

continue after retirement (many trips, long distances, departures spread throughout the 

day or for different reasons), and assert that freedom of scheduling travel in more 

desirable ways will undermine the concept of a representative day, which will 

adversely affect trip distribution calculations in the traditional travel demand (four-
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step) model.  Spain (1997) asserts that women are twice as likely as men to drop off or 

pick up children in two-worker households, and trips may be associated with regular 

daily activities, weekly scheduled activities or infrequent and unscheduled 

occurrences.  These trips are highly constrained within the AM and PM peak periods 

and there is less flexibility in departure times (since school and day care start and end 

times influence the commute).  The author concludes that adding trips, and changes to 

routes or departure times complicate travel demand forecasting. 

Levinson and Kumar (1995) argue that the overall increase in the number of workers 

has meant higher per capita income and greater geographic mobility, but less 

disposable time, more travel and more traffic congestion.  The authors further assert 

that, to get the most out of every day, individuals try to substitute money for time. 

Levinson and Kumar (1995) conclude that the change over time in work trip frequency 

at both the household and individual levels adversely influences travel demand 

forecasting.  

Quality of Life Considerations 

As the baby boom generation moved from childhood to adulthood, the expanding 

working-age population (especially women) was absorbed into the workforce. The 

increase in workforce participation translated into: additional discretionary income (a 

portion of which is used for leisure travel), changes in transportation characteristics 

(trip purposes, durations), and increases in traffic volumes, travel delay and roadway 

congestion.  Additionally, the number of miles driven by all road users is increasing 

faster than road capacity.  In particular, over the eight year period of 1990-1998, there 



 

 50 

was a 22.4 percent increase in vehicle miles traveled (Keever, Weiss and Quarles 

2001).   During the same period, however, there was only a one percent increase in the 

number of lane miles on roadways.  Some of the consequences of the increase in 

travelers and a simultaneous oversaturation of roadways (due to relatively reduced 

highway capacity) include disrupted routines and less time for leisure and/or 

recreational activities.   

In addition to the above impacts on traffic volumes and roadway congestion, greater 

participation in the labor force has given millions of urban residents the option of 

residing in suburban districts rather than in central cities. Sampson et al (1990) argue 

that, while the notion of life in suburbia may be desirable, the downside of this 

movement has been devastation of urban neighborhoods, as highway routings favor 

the comfort and convenience of suburban motorists.  Additionally, the authors contend 

that residents of depressed urban neighborhoods may be denied the means of moving 

readily to and from work, or when access is not available, may experience lower than 

average per capita income.    

Wilson (1989) argues that a national culture consists of those patterned and enduring 

ways of acting that are characteristic of a society or a significant part of that society.  He 

goes on to argue that culture is to a group what personality is to an individual; a 

disposition that leads people to respond differently to the same stimuli.  The author 

concludes that the emphasis in the American culture or value system is the individual.  

Edmondson (2006) asserts that,  



 

 51 

“People love the freedom, solitude and choice they get from their personal cars 

and they are not about to give them up”.   

Balaker and Staley (2007) contradicts this and argue that Americans are not addicted to 

their cars; cars are tools that allow people to accomplish tasks faster and more 

conveniently.  The authors contend that the key factor that affects driving habits is not 

population density, public transit availability, gasoline taxes or different amenities – it is 

wealth.  Regardless of the rationale behind personal vehicle usage, Americans routinely 

travel on congested roadways while alternatives such as ride-sharing (using HOV Lanes) 

and mass transit are underutilized.   

Conclusion 

The notion of individual freedom, the lifestyle and travel characteristics of the baby boom 

generation, and the unique needs of working women and female drivers individually and 

collectively create conflicting demands for transportation officials.  Managers are 

challenged to implement policies and programs that increase highway capacity, yet they 

are expected to implement strategies (e.g., Ramp Metering, HOV Lanes and HOT Lanes) 

that are designed to mitigate traffic congestion by altering driver behavior and travel 

choices.  Policymakers are expected to encourage mass transit use, but not to the extent 

that interest groups (e.g. automobile industry, road builders, real estate developers) are 

negatively impacted.    Officials must also take an active role in addressing the needs of 

an aging population by improving highway safety, offering travel amenities and 

implementing modifications to traffic control devices that assist older motorists in 

compensating for the loss of physical faculties.     
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Public and private sector officials must also contend with the fact that most transportation 

modes utilize the internal combustion engine in one form or another.  Internal combustion 

engines (whether gasoline or diesel-powered) produce air pollution.  Spain (1997) 

contends that trip chaining adversely affects air quality since there are more engine starts 

and stops, and pollution increases due to engine idling.  Decision makers must adopt 

strategies that deal with the emerging sensitivity to the connection between transportation 

policies and the environment. 

At the center of the discussion of the socioeconomic effects of transportation policies 

is the assertion that an efficient transportation network creates positive spillover 

effects.  Among other economic benefits, implementation of transportation policies 

improves accessibility and mobility, and adoption is believed to serve as a catalyst for 

job creation and increases in income.  However, Boarnet and Haughwout (2000) argue 

that instead of positive distributional effects, certain operational characteristics of the 

transportation system create policy problems, including central city decline, suburban 

sprawl and increases in traffic congestion.  The authors contend that central cities 

often have larger per capita public expenditures and higher per capita tax burdens than 

suburban municipalities, and to the extent that suburban highways facilitate the flight 

of upper-income residents and tax-generating firms to the suburbs, concentrations of 

poor persons are left behind in central cities.  In addition, far-reaching suburban 

growth requires expensive extensions of utilities and public services, wastes often-

underused central city land and infrastructure, and brings traffic congestion and air 

quality problems from increased driving (Boarnet and Haughwout 2000).   
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Engineers argue that expansion in the capacity of a highway, whether by adding travel 

lanes or if the expansion is due to alternative uses of existing infrastructure, initially 

increases travel speeds.  Less apparent byproducts of the expansion, however, are 

increases in the number of motorists who use the roadway as travelers are diverted to 

the improved facility from other hours of the day, parallel commuting routes and 

public transportation (Pickrell 2003).  The implications of this so-called induced 

demand include degradation of environmental quality and other unfunded or under-

funded externalities (i.e., delays travelers impose on each other, health and property 

damages caused by automobile pollutant emissions, the annoyance caused by vehicle 

noise, and costs of transportation accidents).  Engineers admit that infrastructure 

investments and alternative uses of existing facilities can be self-defeating from a 

transportation standpoint because congestion either returns to its original level or 

increases on the new and more efficient facilities.  On the other hand, benefits can 

include changes in travel patterns as motorists reschedule trips at different times.  The 

result of these travel behavior changes can be less disruption of desired schedules or 

the ability to use routes that motorists prefer, thereby reducing congestion in other 

places and at other times (Pickrell 2003).  Policy interventions such as infill 

development, asset management, pricing strategies, increased promotion of public 

transportation, implementation of alternate work schedules, and provision of 

teleworking opportunities are alternatives that can offset some of the adverse 

consequences of transportation policies.   
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Downs (2004, p. 2) argues that the addition of road capacity is totally impractical and 

prohibitively expensive.  The author states that,  

“Governments would have to widen all major commuting roads by demolishing 

millions of buildings, cutting down trees, and turning most of every metropolitan 

region into a giant concrete slab”.   

If Downs’ assertion is even remotely accurate then transportation policymakers must 

implement policy initiatives that will enable them to effectively manage travel supply and 

demand, and mitigate traffic congestion.  Ramp Metering, HOV Lanes and HOT Lanes 

are viable alternatives for influencing driver behavior and managing the supply of and 

demand for transportation services.  For example, if motorists choose to participate in 

carpooling so that they can use HOV Lanes, traffic volumes on other roadways (or other 

travel lanes on the same roadway) are reduced.  Reductions in traffic volumes translate 

into opportunities to defer maintenance on facilities or to allocate funds to construction of 

facilities in other areas.   

However, there is an interesting interplay between what motivates policymakers to 

implement strategies, and the resulting constraints that are imposed on and consequences 

experienced by end users.   In particular, strategies aimed at improving transportation 

network performance can result in degradation of traffic conditions, and policies can 

result in undesirable and unanticipated effects on quality of life.  This potential for 

paradoxical interactions between policy implementation and outcomes provides the 

foundation for developing research questions and hypotheses about the relationship 

between transportation policies and quality of life.  
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Chapter 4 Research Questions and Null Hypotheses 

 

The previous chapter examines some of the many public policy considerations that are 

germane to an examination of the quality of life effects of transportation policies.  In 

particular, travel trends and driver behavior exhibited by members of the Baby Boom 

generation, and the consequences of reductions in household size, surges in driver 

licensing and vehicle ownership, and women’s transportation issues are outlined.  The 

examination now turns to the motivation for this dissertation and discusses the research 

questions and hypotheses that are investigated in this dissertation.     

Motivation for Research  

As previously stated, transportation network managers and policy makers are challenged 

to implement strategies that support the travel objectives of individuals, households and 

commercial interests (e.g., tolerable commute times and accessibility to desired 

destinations).  But the travel habits of these disparate groups often conflict or combine to 

create traffic congestion.  Litman (2007) argues that congestion increases travel times, 

driver stress, vehicle operating costs, crash rates, and pollution. Based on the findings of 

the review of the literature, the author asserts that implementation of congestion 

reduction strategies, such as Ramp Metering, HOV Lanes and HOT Lanes, can produce 

benefits that include: 
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· reduced delay/improved mobility8 for personal travel, commercial services and 

freight transport; 

· reduced vehicle operating costs (fuel and brake wear); 

· reduced energy consumption and pollution emissions; 

· reduced traffic crashes (but increased crash severity); and 

· reduced delay to walking and cycling.  

However, the effectiveness of congestion reduction strategies is influenced by the nature 

of the region (e.g., network topology, the temporal distributions of congestion, and travel 

infrastructure).  For example, if Ramp Metering is adopted in an area in which the 

surrounding arterial network conflicts with freeway operations, the strategy may not 

result in optimal freeway operation.  Likewise, if it is not possible to eliminate recurring 

congestion at bottlenecks and chokepoints, the success of the strategies can be 

compromised. 

As discussed in Chapter 2, simulation studies are used to quantify network performance 

and assess the effectiveness of policy interventions.  These models provide measures of 

effectiveness and performance indicators that include, but are not limited to: volume-to-

capacity ratio (v/c), vehicle throughput, travel time, vehicle delay, fuel consumption, and 

pollutant emissions.  However, with respect to safety, Gayah et al (2006) argues that 

microsimulation software usually cannot be used to evaluate safety unless a surrogate 

measure is used.  Therefore, in addition to deriving discrete and deterministic measures 
                                                 
8 VTPI (2007) defines mobility as physical movement that can be provided by walking, cycling, public 
transit, ridesharing, taxi, automobiles, trucks and other modes.   Mobility is contrasted with accessibility, 
which is defined as the ease of reaching desired goods, services, activities and destinations (referred to 
collectively as opportunities).  Bartner (2007) also contrasts mobility and accessibility by defining mobility 
as the efficient movement of people and goods, and accessibility as the ability to reach opportunities. 
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of network performance using simulation studies, transportation policymakers must 

employ methods that will exemplify their understanding of and sensitivity to the softer or 

quality of life effects of the policies they impose. This methodological imperative 

underpins the research questions and that are discussed below.    

Research Questions and Null Hypotheses 

Ramp Metering, HOV Lanes and HOT Lanes are three policy and program interventions 

that are employed to reduce congestion and promote transportation network efficiency.  

However, are there also improvements in quality of life when the strategies are 

implemented?  For example, are there improvements in personal safety, i.e., are 

individuals involved in fewer accidents at locations where the three strategies are 

employed?  Is personal security enhanced when the strategies are implemented? Does one 

unduly forfeit his personal privacy or the ability to travel anonymously by paying to opt-

out of congested travel lanes?  What effects do these strategies have on population 

(regional, neighborhoods), personal income, vehicle ownership, or future congestion (all 

of which influence travel demand or are the primary variables that create demand)?  How 

do these strategies affect the spatial distribution of homes, jobs, and retail establishments?  

Are implementation, operations and maintenance costs equitably distributed within the 

population at large, among transportation network users?  What are the practical 

considerations that militate against implementation of the three strategies?  

When examining the transportation network, does improved facility (roadway or network 

segment) efficiency equate to greater overall system efficiency (or is congestion moved 

from one point within the network to another)?  Does improved facility efficiency create 
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latent demand (are additional motorists drawn to the facility because of ease of use)?  Are 

longer trips (suburban sprawl) promoted?  If motorists choose not to use the facility (e.g., 

when HOT Lanes are created), can other transport modes or alternate routes 

accommodate the influx of diverted motorists – are the alternative modes/routes  

comparable in terms of providing access to desirable destinations and offering reliable 

service)?  When revenue-generating strategies such as HOT Lanes are adopted, is there 

an institutional framework in place to equitably redistribute the revenue that is generated?  

If non-governmental entities own the facilities, will the public interest be protected or 

will an imperative to assure profitability reign?  If governmental administrative 

institutions manage fee-for-use facilities, can and do they retain the public’s confidence 

that they will competently redistribute the revenue that is generated?  Is there clarity of 

mission and purpose, transparency in decision-making and judicious utilization of public 

funds?   

Does provision of premium services promote economic vitality and business viability 

within the area?  What are the opportunity costs of providing premium service?  Are the 

costs associated with implementing any or all of the three strategies disproportionately 

borne by the elderly, young, or women?   Is there a Pareto improvement, a change that 

makes one better off without making any other worse off?  Does implementation of the 

three strategies promote sound environmental policy (lower levels of pollutant emissions, 

fuel consumption, or noise?  What effects do the strategies have on land use policy (e.g., 

residential and retail development patterns)?  
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It is, of course, not possible to examine each of these questions in one dissertation.  

Consequently, the scope of this dissertation is limited to several of the issues that are 

specifically straight forward as it relates to quality of life.  These are: 

Research Questions           

1. Does implementation of Ramp Metering (HOV Lanes, HOT Lanes) affect safety?   

2. Does implementation of Ramp Metering (HOV Lanes, HOT Lanes) affect personal 

security?   

3. Does Ramp Metering (HOV Lanes, HOT Lanes) affect socioeconomic wellbeing?  

Null Hypotheses 

1. There is no association between implementation of Ramp Metering (HOV Lanes, 

HOT Lanes) and safety (with respect to vehicle accidents and trip length).  

2. There is no association between implementation of Ramp Metering (HOV Lanes, 

HOT Lanes) and personal security (with respect to travel time to destinations and 

delay).  

3. There is no association between implementation of Ramp Metering (HOV Lanes, 

HOT Lanes) and socioeconomic wellbeing (with respect to increases in jobs and 

migration into an area). 

The research questions and hypotheses are evaluated using survey data and the opinions 

of transportation policy experts.  A description of the research design and analytical 

methodology is presented in the following chapter.   
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Chapter 5 Research Design and Methodology 

 

The aim of this dissertation is to examine the premise that traditional tools and 

approaches (e.g., simulations and field operational tests of policy interventions) should be 

augmented with qualitative data to more fully assess the quality of life concerns of 

transportation policy stakeholders.   Specifically, the dissertation analyzes perceptions of 

the socioeconomic effects of implementing Ramp Metering, HOV Lanes and HOT Lanes 

within a defined study area – a portion of Interstate 66 in Northern Virginia9.  The 

research design incorporates two elements, analyses of survey data and expert judgments.  

Each analytical component of the research design will be discussed after an overview of 

the study area is presented.   

Overview of the Study Area 

The overview of the study area encompasses a discussion of the characteristics of the 

urban network that is modeled, a synopsis of current traffic management strategies in 

play and a succinct presentation of socioeconomic and demographic data for the five 

jurisdictions in the study area (i.e., Arlington County, City of Fairfax, Fairfax County, 

City of Falls Church and Prince William County, which are all located in the 

Washington, D.C. Metropolitan Region in the United States).    

                                                 
9 The particular portion of Interstate 66 in Northern Virginia is chosen because two of the three strategies 
(Ramp Metering and HOV Lanes) are currently operational on the roadway.    



 

 61 

The study area (see Figure 5.2) comprises the Northern Virginia portion of Interstate 66 

from Exit 43/U.S. 29 in Prince William County to Exit 75/Route 110 in Arlington 

County.  I-66 is an east-west limited access freeway that serves as one of the major 

commuting routes into the District of Columbia and major employment centers in 

Northern Virginia.  In 2004, Annual Average Daily Traffic (AADT)10 volumes for 

parallel lanes of I-66 within the study area ranged from 84,000 to 186,000 vehicles per 

day (VDOT 2004).  Figure 5.1 shows the study area and surrounding counties within the 

Washington D.C. National Capital region and Figure 5.2 is a detailed illustration of the I-

66 portion of the study area.  The detail shows the counties and major highways that are 

included in and adjacent to the study area.  

 

                                                 
10 VDOT (2004) defines AADT as the total annual traffic estimate divided by the number of days in the 
year. 
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Figure 5.1 – Study Area  
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Figure 5.2 – Study Area Detail 
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Network Management Strategies  

Ramp Metering and HOV Lanes11 are currently operational on Interstate 66.  HOT Lanes 

are not currently in use but have been considered for future implementation on I-66.  

Details about the current operation of Ramp Metering and HOV Lanes on Interstate 66 in 

Northern Virginia are shown in Table 5.1.  

 

 

Table 5.1 Network Management Strategies 

Strategy Current Operations (VDOT 2008) 

Ramp Metering I-66 E (inside the Capital Beltway (I-495)) 

 I-66 W (inside the Capital Beltway (I-495)) 

HOV Lanes 
Inside the Capital Beltway 

Both lanes are reserved for HOV-2 eastbound in the 
morning from the Capital Beltway (Interstate 495) to 
the Theodore Roosevelt Bridge from 6:30 AM to 9:00 
AM. 

 Both lanes are reserved for HOV-2 westbound in the 
afternoon from the Theodore Roosevelt Bridge to the 
Capital Beltway (Interstate 495) from 4:00 PM to 6:30 
PM. 

HOV Lanes 
Outside the Capital Beltway 

The far left lane is reserved for HOV-2 eastbound in 
the morning from Exit 43 in Prince William County to 
the Capital Beltway (Interstate 495) from 5:30 AM to 
9:30 AM. 

 The far left lane is reserved for HOV-2 westbound in 
the afternoon from the Capital Beltway (Interstate 495) 
to Exit 43 in Prince William County from 3:00 PM to 
7:00 PM. 

 

 
                                                 
11 The current HOV restriction is HOV-2; however, restrictions began at HOV-4 in the late 1970s, were 
reduced to HOV-3 in 1983, and were set at the current level in 1995 (Kozel 2003). 



 

 65 

Socioeconomic Conditions   

Population, income levels, employment in each of the jurisdictions and demographic 

changes for the study area as a whole (by combining information for all jurisdictions) 

were reviewed for a twenty-year period.12  The discussion that follows highlights 

noteworthy changes in the study area between the years of 1980-2000. 

Population Changes 

The overall population of the study area increased by nearly 67% during the observation 

period.  While growth was not as extensive during the 1990s, extraordinary population 

increases occurred during the 1980s.  Particularly, in Prince William County the number 

of residents grew by nearly two-thirds and the number of people in Fairfax County nearly 

doubled.  The population of Prince William County continued to expand during the 

1990s.  Whereas the number of residents in three jurisdictions increased less than 10% 

during this decade, the population of Prince William County grew by more than 30% and 

the number of Fairfax County residents increased by nearly 20% during the 1990s.  

 
 

                                                 
12 Data sources for Tables 5.2 through 5.6 are the United States Census Bureau, County and City Data 
Book: 1983 Table B: Counties – Vital Statistics and Health Care, United States Census Bureau, County and 
City Data Book: 1994 Table B.  Counties – Vital Statistics, Health Care, Social Programs and Crime and 
United States Census Bureau, County and City Data Book: 2000 Table B-4.  Counties – Vital Statistics. 
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Table 5.2 – Population Changes (1980-2000) 

 

 

Income 

Median household and per capita income increased in all of the jurisdictions over the 

twenty-year period.  As with the upsurge in population, the most substantial escalation in 

affluence occurred between 1980 and 1990, when income levels nearly doubled.  

Whereas two jurisdictions outpaced the other three in population increases, the rise in 

affluence was evident throughout all of the jurisdictions for the entire twenty-year period 

that was under review. 

 

 

Jurisdiction 1980  1990   2000  

% Change 
1980-
1990 

% Change 
1990-
2000 

% Change 
1980-2000 

Arlington 
County 127,620 145,171 158,214 13.75% 8.98% 23.97% 
City of 
Fairfax 14,417  15,957 17,185 10.68% 7.70% 19.20% 
Fairfax 
County 421,467  618,989 726,019 46.87% 17.29% 72.26% 
City of Falls 
Church 7,707  7,731 7,933 0.31% 2.61% 2.93% 
Prince 
William 
County 92,198  149,959 195,381 62.65% 30.29% 111.91% 
       
Total  663,409  937,807 1,104,732 41.36% 17.80% 66.52% 
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Table 5.3 –Median Household Income Changes (1980-2000) 

Jurisdiction 

1980 
MHI 
($) 

1990 
MHI  
($) 

2000 
MHI ($)

% Change 
MHI  

1980-1990

% Change 
MHI     

1990-2000 

% Change 
MHI  

1980-2000
Arlington 
County 

  
21,713  

 
44,600 

 
63,001 105.41% 41.26% 190.15%

City of 
Fairfax 

  
25,810  

 
50,913 

 
67,642 97.26% 32.86% 162.08%

Fairfax 
County 30,011  

 
59,284 

 
81,050 97.54% 36.71% 170.07%

City of Falls 
Church 

  
24,517  

 
51,011 

 
74,924 108.06% 46.88% 205.60%

Prince 
William 
County 

  
25,435  

 
49,370 

 
65,960 94.10% 33.60% 159.33%

     
Study Area 
Average 

  
25,497  

 
51,036 

 
70,515 100.16% 38.17% 176.56%

 

 

Table 5.4 – Per Capita Income Changes (1980-2000) 

Jurisdiction 
1980 

PCI ($) 
1990 

PCI ($)
2000 

PCI ($)

% Change 
PCI  

1980-1990

% Change 
PCI     

1990-2000

% Change 
PCI  

1980-2000 
Arlington 
County 

  
12,562  

 
25,633 

 
37,706 104.05% 47.10% 200.16% 

City of 
Fairfax 

  
10,423  

 
21,939 

 
31,247 110.49% 42.43% 199.79% 

Fairfax 
County 

  
11,497  

 
24,833 

 
36,888 116.00% 48.54% 220.85% 

City of 
Falls 
Church 

  
12,885  

 
26,709 

 
41,051 107.29% 53.70% 218.60% 

Prince 
William 
County 

  
8,213  17,833 

 
25,641 117.13% 43.78% 212.20% 

       
Study Area 
Average 

  
11,116  

 
23,389 

 
34,507 110.41% 47.53% 210.42% 
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Employment 

Employment levels within the study area increased by nearly 60% during the 20-year 

observation period.  The most pronounced changes took place during the 1980s in Prince 

William and Fairfax counties, where the number of employed persons increased by more 

than 75% and 55%, respectively.13  The trend of job growth continued in the two counties 

during the decade of the 1990s.  However, the employment increases were not as 

extensive in either jurisdiction.  

 

Table 5.5 – Employment Changes (1980-2000) 

Jurisdiction 1980  1990  2000  

% 
Change 
1980-
1990 

% 
Change 
1990-
2000 

% 
Change 
1980-
2000 

Arlington 
County 

  
85,812  

 
105,584 

 
114,040 23.04% 8.01% 32.90%

City of 
Fairfax 

  
10,555  

 
11,890 

 
11,924 12.65% 0.29% 12.97%

Fairfax 
County 

  
301,034  

 
468,776 

 
522,398 55.72% 11.44% 73.53%

City of Falls 
Church 

  
5,238  

 
5,660 

 
5,857 8.06% 3.48% 11.82%

Prince 
William 
County 

  
63,881  

 
112,964 

 
144,748 76.84% 28.14% 126.59%

     

Study Area  
  

503,137  
 

704,874 
 

798,967 40.10% 13.35% 58.80%
 

                                                 
13 Though beyond the scope of this analysis, future research could examine changes in specific employment 
sectors to ascertain which sectors were catalysts for job growth. This information could aid in assessing if 
and to what extent these sectoral changes affected transportation system operations and/or transportation 
policy decisions and interventions. 
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Components of Demographic Change  

A compilation of decadal components of demographic change (births, deaths, 

international and domestic migration) confirms that the study area was a magnet for new 

residents.   Throughout the twenty-year period, births outpaced the number of deaths by 

nearly a 3 to 1 margin.  Similarly, domestic migration exceeded international migration 

between 1980 and 2000.  Individuals from other counties or different states moved into 

the study area approximately three times more often than individuals from other 

countries.  During the 1990s the level of domestic migration exceeded international 

migration by almost a 5 to 1 margin.     

 

Table 5.6 – Births, Deaths and Migration (1980-2000) 

Year Births Deaths 

Natural 
Increase 
Births – 
Deaths) 

International 
Migration 

Domestic 
Migration 

Net Migration 
(Int'l. + Dom.) 

1980 13,755 4,264 9,491 54,749 199,038 253,787
1990 18,940 5,238 13,702 80,955 394,316 475,271
2000 20,395 6,202 14,193 102,097 350,769 452,866
 

 

Conclusion 

The preceding overview of the study area shows that the population increased, income 

levels grew, and the number of employed persons in Arlington County, Fairfax County, 

City of Fairfax, City of Falls Church and Prince William County expanded during the 
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twenty-year review period.  In addition, all of the jurisdictions attracted new residents 

from: other locales within the state, different states and abroad.   

The aim of the abbreviated review was not to assess the catalyst for the changes in the 

jurisdictions.  Rather, the purpose of the overview was to provide a snapshot of the area 

in which Interstate 66 in Northern Virginia is located.  And, whereas the network 

management strategies are currently in use within the study area, no direct relationship 

between implementation of Ramp Metering, HOV Lanes and HOT Lanes is ascribed to 

the sociodemographic changes that have occurred in the counties.  It is argued, however, 

that the socioeconomic and demographic changes have contributed to policy decisions, 

transportation system operations, and traffic congestion in the study area.  Shrank and 

Lomax (2007) reports the following mobility measures for the period of 1982-2000 in the 

Washington D.C.-Virginia and Maryland region (which frames the study area and the 

observation period of this dissertation): 

· Freeway daily vehicle-miles of travel increased from 15.2 million to 34.5 million,   

· Total delay (i.e., the total travel time above that needed to complete a trip at free-flow 

speeds) increased from 20 million person-hours to 101 million person-hours, and 

· Delay per peak traveler (measured in person-hours) increased from 16 to 52. 

Considering the socioeconomic and demographic changes that are discussed above, and 

their presumed impact on mobility and the performance of the transportation network, 

officials are challenged to mitigate congestion using any and all network management 

strategies at their disposal.  However, this dissertation argues that tools (simulations and  
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field operational tests of policy interventions) that are used to guide policy decisions and 

strategy implementation should be augmented with qualitative data to fully assess the 

quality of life concerns of transportation policy stakeholders.  Therefore, to test this, the 

research approach entails gathering perception data from the general public and judgment 

data from transportation policy experts.  This information is used to determine if there are 

statistically significant relationships between transportation policies and quality of life 

measures of safety, personal security and socioeconomic wellbeing.  If the hypotheses are 

supported by the statistical analysis then the need to augment more traditional analysis 

approaches to transportation policy decisions will be also be supported.  

Research Design  

Statistical analyses of survey data and a review of expert judgments are used to examine 

the relationship between transportation policies and quality of life.  First, an electronic 

(web-based) survey is conducted to elicit feedback from the road users about their 

perceptions of the impacts of the three strategies on quality of life variables – safety, 

personal security and socioeconomic wellbeing14.  Next, survey responses are used to 

determine if statistically significant relationships exist between the three strategies and 

the quality of life variables. Finally, policy experts perform a Planning Balance Sheet 

Assessment of the benefits and costs of exclusively implementing each of the three 

strategies (Ramp Metering, HOV Lanes and HOT Lanes) and assess the impacts of 

adopting two of the strategies at the same time (i.e., Ramp Metering and HOV Lanes and 

                                                 
14 While use of the survey emulates, to a small extent, the interaction that takes place between 
transportation officials and the general public, it should be noted that ITS strategy implementation 
decisions are generally based upon technical analyses and not public opinion. 
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Ramp Metering and HOV Lanes).  A detailed explanation of each analytical method 

follows.    

Road User Survey 

Permission to conduct a survey of human subjects is requested in compliance with 

requirements that are set forth by the George Mason University Office of Research and 

Compliance.  After authorization to proceed is obtained, a road user survey is 

undertaken.15  The web-based/electronic survey is developed for distribution and efforts 

are undertaken to increase the diversity of the sample respondents.  Flyers are distributed 

in several commuter parking lots within the study area, and email invitations for 

participation are sent to public schools, homeowner associations, civic associations, 

recreational facilities, a public television station, and County Supervisory Board members 

(with a request to include a link to the survey in constituent mailings and newsletters).16   

Survey Design 

Questions in the road user survey are categorized to correspond to the three research 

questions: 

1. Does implementation of Ramp Metering (HOV Lanes, HOT Lanes) affect safety?   

2. Does implementation of Ramp Metering (HOV Lanes, HOT Lanes) affect personal 

security?   

3. Does Ramp Metering (HOV Lanes, HOT Lanes) affect socioeconomic wellbeing?  

                                                 
15 Approval documentation and the survey instrument are found in Appendix 1. 
16 Barribeau et al (2005) argue that electronic distribution of surveys: creates the potential for faster 
dissemination of questions, is less costly when compared to mailed surveys, and makes data compilation, 
sorting, editing and analysis easier.  The authors also warn that using this approach can adversely affect 
sample demographics – the population and sample are limited to those with access to a computer. 
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Responses are requested from individuals who work within and outside of the 

transportation field.  Feedback is also sought from persons who either use a designated 

segment of Interstate 66 in Northern Virginia as their morning commuting route, or have 

an interest in traffic conditions on the route.  In addition, the opinions of people who do 

not commute on Interstate 66 are solicited because their viewpoints could represent the 

perceptions of people who choose not to use the route because of traffic conditions but 

would use it if conditions were more to their liking.  Although individuals who live in 

five key jurisdictions (Arlington County, City of Fairfax, Fairfax County, City of Falls 

Church and Prince William County) are the focal point of the survey, data are gathered 

from persons who reside in other jurisdictions.  Zip codes of residence are used to 

identify residents and non-residents of the study area.  Figure 5.3 is a representation of 

the portion of I-66 that runs through the five jurisdictions under review.  A map of the 

distribution of survey responses by jurisdiction of residence is shown in Chapter 6. 
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Figure 5.3 – Study Area Detail 
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Survey respondents are asked to use a Lickert scale to rate their perceptions of the effects 

Ramp Metering, HOV Lanes and HOT lanes have on three dependent variables – safety, 

personal security and socioeconomic wellbeing (i.e., vehicular accidents, trip length, 

travel time, employment, and migration to the area). 

Sample Size Determination 

The required sample size is determined by a series of steps.  First, a significance level of 

95% and a confidence interval of ± 4% are established.   These parameters are designated 

since the derived data will be used for hypothesis testing.  Next, the design (peak hour) 

traffic volume is calculated by multiplying the AADT volumes for each roadway segment 

by the appropriate K Factor.  (AADT volumes, K Factors and the design traffic volumes 

for the roadway segments of eastbound and westbound Interstate 66 are shown in Table 

5.8 and Table 5.9.)17   Finally, the design traffic volume for eastbound I-66 is inserted 

into an online sample size calculation tool (http://www.surveysystem.com/sscalc.htm).  It 

should be noted that the eastbound direction is used in the tool because it is the 

predominant travel direction during the morning peak period, as can be seen in Table 5.7 

and Table 5.8. 

                                                 
17 The source for AADT volumes and K Factors is Virginia Department of Transportation, Mobility 
Management Division, 2004 Annual Average Daily Traffic Volume Estimates by Section of Route, 
Primary and Interstate Routes, pp.224-231. 
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Table 5.7 – Eastbound I-66 Traffic Volumes 

Exit 
No. From To AADT K Factor 

Design/Peak 
Hour 
Volume 

      
43 US 29 VA 234    46,000        0.085             3,910  
44 VA 234 VA 234 (BUS)    49,000        0.087             4,263  
47 VA 234 (BUS)  US 29    60,000        0.097             5,820  
52 US 29 VA 28    71,000        0.099             7,029  
53 VA 28 SR 7100    67,000        0.092             6,164  
55 SR 7100 US 50  104,000        0.096             9,984  
57 US 50  VA 123    92,000        0.081             7,452  
60 VA 123 VA 243    99,000        0.086             8,514  
62 VA 243 I-495    99,000        0.065             6,435  
64 I-495 VA 7    39,000        0.079             3,081  
66 VA 7 VA 267    37,000        0.079             2,923  

67 VA 267 
Westmoreland 
St.    74,000        0.074             5,476  

68 
Westmoreland 
St. Sycamore St.    56,000        0.067             3,752  

69 Sycamore St. 
VA 237 
(Fairfax Drive)    61,000        0.062             3,782  

70 
VA 237 
(Fairfax Drive) VA 120    40,000        0.073             2,920  

71 VA 120 
US 29 
(Cherrydale)    53,000        0.072             3,816  

72 
US 29 
(Cherrydale) 

US 29 (20th 
Road)    46,000        0.069             3,174  

73 
US 29 (20th 
Road) 

Lynn  St. 
(Rosslyn)    37,000        0.074             2,738  

75 
Lynn  St. 
(Rosslyn) Route 110    55,000        0.072             3,960  

      
                5,010  
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Table 5.8 – Westbound I-66 Traffic Volumes 

Exit 
No. From To AADT K Factor 

Design/Peak 
Hour 
Volume 

      
43 US 29 VA 234  37,000      0.095           3,515  
44 VA 234 VA 234 (BUS)  47,000      0.077           3,619  
47 VA 234 (BUS)  US 29  58,000      0.090           5,220  
52 US 29 VA 28  58,000      0.099           5,742  
53 VA 28 SR 7100  71,000      0.093           6,603  
55 SR 7100 US 50  63,000      0.092           5,796  
57 US 50  VA 123  82,000      0.078           6,396  
60 VA 123 VA 243  90,000      0.080           7,200  
62 VA 243 I-495  82,000      0.065           5,330  
64 I-495 VA 7  39,000      0.079           3,081  
66 VA 7 VA 267  41,000      0.076           3,116  

67 VA 267 

VA 237 
(Washington 
Blvd)  61,000      0.079           4,819  

68 VA 237 Sycamore St.  54,000      0.070           3,780  

69 Sycamore St. 
VA 237 
(Fairfax Drive)  56,000      0.070           3,920  

70 
VA 237 
(Fairfax Drive) VA 120  41,000      0.069           2,829  

71 VA 120 
US 29 
(Cherrydale)  49,000      0.074           3,626  

72 
US 29 
(Cherrydale) 

US 29 (20th 
Road)  40,000      0.074           2,960  

73 
US 29 (20th 
Road) 

Lynn  St. 
(Rosslyn)  34,000      0.074           2,516  

75 
Lynn St. 
(Rosslyn) Route 110  44,000      0.077           3,388  

 
     

 
             4,392  
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The sample is examined (with respect to age cohort, gender, jurisdiction of residence and 

work within the transportation sector) to assess if it is representative of the population of 

commuters who travel within the study area during the morning rush hour.     

Statistical Analysis of Survey Responses 

Stata18 is the software tool that is used for the statistical analysis of survey responses.  

The quality of life measures (safety, personal security and socioeconomic wellbeing 

impacts that are associated with implementing each of the three strategies) are designated 

as dependent variables.  Age cohort, age group (a collapsed version of age cohort), 

gender and work in the transportation field serve as the independent variables in the 

analysis.  Descriptive statistics and row percentages are calculated for two demographic 

variables (age cohort and gender) and the vocational variable (work in the transportation 

field) to determine if there are distinct differences in perceptions based upon the 

independent variables.   

Chi Square (χ2) analysis is conducted to evaluate whether observations (responses) differ 

significantly from expected frequencies (Laurencelle and Dupuis 2002, Salvatore and 

Reagle 2002)19.  Two conditions inform conclusions about statistical significance and 

decisions about the existence (or absence) and strength of association between the 

independent and dependent variables.  First, if the calculated probability is less than .05, 

the designated significance level, the null hypothesis of no association (or independence) 

                                                 
18 Stata is a statistical software package that was created and officially released in January 1985 by William 
Gould.  Release 10, which is used for this analysis, was released in June 2007.  Among others, software 
capabilities include basic statistics (summaries, cross-tabulations, correlations, t tests, equality-of-variance 
tests, tests of proportions, confidence intervals, etc.) data management, graphics and linear models. 
http://www.stata.com/capabilities.     
19 An explanation of observed and expected frequencies is found in Appendix 2. 
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is rejected.  Second, if the calculated χ2 value is larger than the tabular χ2 value at the 

specified significance level (α = .05) and degrees of freedom, the null hypothesis of no 

association is rejected (Watkins, Scheaffer and Cobb 2004, Salvatore and Reagle 2002). 

In addition, the magnitude of Cramer’s V is used to assess the strength of association 

between the dependent variables and each independent variable. Galaty (2008) argues 

that, although there are no strict standards for how Cramer’s V is interpreted, if the 

calculated Cramer’s V is less than 0.10, a weak relationship exists between variables.  

The author also argues that a moderate relationship exists if the Cramer’s V falls between 

0.10 and 0.30, and a Cramer’s V of 0.30 or greater indicates a strong relationship. 

Fletcher (2008) provides similar guidance on the interpretation of Cramer’s V, but 

establishes different thresholds for determining strength of association (as shown in Table 

5.9).   Interpretations of Cramer’s V values are informed by the guidelines established by 

both authors.  
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Table 5.9 – Interpreting Cramer’s V 

Calculated Cramer’s V Interpretation Comments 

0.00 to 0.05 No or Negligible 
Relationship 

Knowing the independent 
variable does not reduce the 
number of errors in 
predicting the dependent 
variable at all. 

0.06 to 0.10 Generally not useful Not Acceptable 

0.11 to 0.20 Weak Relationship  

0.20 to 0.25 Moderate Relationship  

0.25 to 0.30 Moderately Strong 
Relationship 

 

0.30 to 0.35 Strong Relationship  

0.35 to 0.40 Very Strong Relationship  

0.40 to 0.45 Worrisomely Strong 
Relationship 

Either an extremely good 
relationship or the two 
variables are measuring the 
same concept 

0.45 to 0.99 Redundant Relationship The two variables are 
probably measuring the 
same concept. 

1.00 Perfect Relationship If we know the independent 
variable, we can perfectly 
predict the dependent 
variable.   

 

 

Planning Balance Sheet Assessment (PBSA)  

Transportation policy specialists conduct a Planning Balance Sheet Assessment (PBSA) 

to evaluate the benefits or costs of implementing Ramp Metering, HOV Lanes and HOT 
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Lanes.  PBSA is a method by which economic, social, environmental and social impacts 

of a project or policy decision are analyzed (Lichfield 1996).  The evaluation tool: 

· establishes a framework of objectives and sub-attributes; 

· incorporates scores and weights for each option, strategy or policy intervention;  

· shows the tradeoffs between cost, performance and impact; and  

· can be used for sensitivity testing (Maunsell Limited 2005).  

The primary application of the method is ex ante analysis during the planning stages of 

projects (or policy interventions); however the approach and its principles may be applied 

ex post.  The concept was first introduced in the 1950s and has been adapted by various 

practitioners and researchers over the last fifty years (Lichfield 1996).   

As previously stated, an examination of the quality of life effects of transportation 

policies encompasses various disciplines. Considering this, individuals who possess 

expertise in a subset of relevant disciplines and areas of responsibility are solicited for 

participation.  In the section that follows, the rationale for selecting the particular areas of 

specialization is offered.     

Areas of Specialization     

PBSA participants are specialists in transportation policy based upon the recognition of 

their work in transportation in four areas – Academia, Government Administration, 

Operations and Private Consultation.  Including individuals from all four of these fields is 

acknowledgment of and an attempt to control for the effect the environment tends to have 

on an individual’s judgments.  Viewpoints about the impacts of policies differ depending 

upon level of responsibility and the degree of accountability the individual experiences as 
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a result of policy implementation.  Therefore, designation of four categories of experts 

ensures that different expert orientations are represented in the analysis.      

Objectives and Sub-Attributes 

The indicators of quality of life (safety, personal security and socioeconomic wellbeing) 

as defined in the research questions and hypotheses are concurrently used to establish the 

objectives in the Assessment.  The objectives and six sub-attributes for exclusive 

implementation of each strategy are derived from the road user survey questions.  (The 

same objectives and sub-attributes are used in scenarios in which two of the strategies are 

implemented concurrently – Ramp Metering and HOV Lanes, Ramp Metering and HOT 

Lanes.)   

The Assessment Tool 

Data for the assessment is obtained using the tool shown in Table 5.10.  Each expert is 

asked to assess the benefits or costs of each of the scenarios that were previously 

discussed (exclusive implementation of each strategy and combinations of strategies).   

The experts rely upon their personal knowledge of transportation policy, network 

management strategies and ITS applications to conduct the Assessment.  Data relative to 

the study area (simulations, reports of facility performance, economic or statistical 

analyses) are not provided.  Findings are discussed in Chapter 6.  
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Table 5.10 – Planning Balance Sheet Assessment Tool 

Planning Balance Sheet 
Assessment 

Scenario 
1 

Scenario 
2 

Scenario 
3 

Scenario 
4 

Scenario 
5 

 Ramp 
Metering 

HOV 
Lanes 

HOT 
Lanes 

Ramp 
Metering 
and HOV 
Lanes 

Ramp 
Metering 
and HOT 
Lanes 

Safety      

Reduces Vehicle 
Accidents 

     

Increases Travel 
Speeds 

     

Personal Security      

Improves 
Accessibility/Reduces 
Travel Time 

     

Reduces Delay      

Socioeconomic Wellbeing      

Increases 
Employment 

     

Encourages 
Migration into the 
Area 

     

 

 

Conclusion 

As discussed above, this dissertation uses survey data and expert judgments to assess the 

effects of transportation policies on quality of life. The findings that are derived from the 

analysis of these data are discussed in the chapters that follow.   



 

84 
 

 

 

Chapter 6 Results of the Analysis – Road User Survey 

 

The results of each analytical method will be examined in the next two chapters.  The 

first chapter (Chapter 6) includes a discussion of information derived from a pilot test of 

the survey instrument, followed by the statistical analysis of the results of the road user 

survey.  The findings from the Planning Balance Sheet Assessment (expert ratings of 

Ramp Metering, HOV Lanes and HOT Lanes) are examined in Chapter 7.   

Survey Findings 

As previously stated, an electronic (web-based) road user survey was conducted to assess 

perceptions of the quality of life effects of implementing Ramp Metering, HOV Lanes 

and HOT Lanes.  Responses were requested from individuals who either use a designated 

segment of an urban transportation network (Interstate 66 in Northern Virginia) as their 

morning commuting route or have an interest in traffic conditions on the route.  (The 

opinions of people who do not commute on Interstate 66 were also included in survey 

findings.  Their viewpoints are relevant because they could represent the perceptions of 

people who choose not to use the route because of traffic conditions but would use it if 

conditions were more to their liking.)  Although the perceptions of individuals who live 

in one of five key jurisdictions (Arlington County, City of Fairfax, Fairfax County, City 

of Falls Church and Prince William County) were the focus of the survey, data were 

gathered from persons who reside in other jurisdictions (identified by zip codes).   
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Survey respondents were asked to use a Lickert scale to rate the effects of Ramp 

Metering, HOV Lanes and HOT lanes on three dependent variables – safety, personal 

security and socioeconomic wellbeing (i.e., vehicular accidents, trip length, travel time, 

employment, and migration to the area).  The findings from a pilot of the survey and the 

final distribution of the instrument are discussed below.  

Survey Pilot Test 

A pilot test of the survey was conducted from July 6-8, 2005.  The survey was made 

available online at http://www.stargazer.org/SG-812.24 Ten professional acquaintances of 

the author were asked to access the Stargazer website.  Seven people participated in the 

survey and three provide editorial comments.  The three individuals who provided 

editorial comments are not residents of the study area and argued that providing 

responses to the survey would inappropriately skew the results of the small sample that 

was used for the pilot test.   One comment suggested that the question about jurisdiction 

be reworded to specifically ask respondents to state their jurisdiction of residence.  A 

second comment suggested that questions about the participant’s commute be clarified to 

request that information be restricted to the morning commute.  Another comment 

suggested that motorcycles be added to the question about HOV Lane use, since 

motorcycles are permitted to use HOV Lanes on the designated route that was the target 

of the survey.  A final comment suggested grammatical changes to eliminate confusion 

about hybrid vehicles being permitted to use HOV Lanes.  although the responses to the 

                                                 
24 Stargazer.org is an online service that is operated by the Stargazer Foundation, a non-profit public 
charity.  Individuals are allowed to use customized templates to create publicly accessible surveys on the 
website.  Survey data can be downloaded into Excel spreadsheets for analysis.  
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survey pilot were discarded, recommendations for changes were incorporated into the 

survey instrument.  A revised version of the survey was created, and the new survey was 

made available for use on the Stargazer site.        

The Full Survey 

The online survey was released on July 15, 2005.  Three hundred seventy-nine (379) 

responses were received between the initial release date and December 8, 2005.  

Although the number of responses was found to be approximately thirty percent less than 

the sample size recommended using the Sample Size Calculator (Creative Research 

Systems 2005), the survey was removed from the Stargazer site.  It was determined that 

the responses to the survey were quite diverse in that participants represented a wide 

range of residential areas, commuting patterns and demographic profiles (as discussed 

below).    

Residential Choices and Commuting Patterns 

Zip code data revealed that participants reside in numerous communities in Virginia and 

Maryland and within the District of Columbia. Jurisdictions of residence in Maryland and 

Virginia are shown in Table 6.1; a graphical representation of zip codes of origin and 

destination is shown in Figure 6.1. 
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Table 6.1 – Responses by Jurisdiction of Residence 
  

Jurisdiction Number of Responses 

Maryland  

Beltsville 1 

Boyds 1 

Derwood 1 

Frederick  2 

Gaithersburg  2 

Laurel  1 

Odenton  1 

Oxon Hill  1 

Potomac  1 

Rockville  1 

Silver Spring 1 

Walkersville  1 

Virginia  

Aldie  2 

Alexandria-City  12 

Annandale  3 

Arlington-County  99 

Ashburn  8 

Brandy Station  1 

Bristow  10 

Burke  4 

Catlett  2 
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Jurisdiction Number of Responses 

Centreville  14 

Chantilly  11 

Chester Gap  1 

Clifton  3 

Culpeper  1 

Dale City  2 

Dumfries  3 

Dunn Loring 1 

Fairfax-City  14 

Fairfax-County  9 

Falls Church-City  19 

Fredericksburg  1 

Front Royal 3 

Gainesville  16 

Great Falls  3 

Haymarket  4 

Herndon  16 

Leesburg 3 

Linden  1 

Locust Grove  1 

Lovettsville  1 

McLean  14 

Manassas 17 

Marshall  2 
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Jurisdiction Number of Responses 

Midland  1 

Oakton 4 

Purcellville 2 

Reston 8 

Richmond  1 

Round Hill  3 

Springfield  10 

Stafford 1 

Stephenson  1 

Sterling  4 

Vienna  6 

Warrenton  2 

Woodbridge  4 

Woodville  1 
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Figure 6.1 – Map of Responses by Zip Code of Residence 
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The examination of commuting patterns revealed that 78% of survey participants conduct 

their morning commutes at approximately the same time each day, and 90% of all trips 

begin after 6:00 AM.  Most morning commutes (77%) last up to 45 minutes.  Thirty-nine 

respondents (10%) endure commutes that last longer than 60 minutes.  Seventy-two 

percent of survey respondents travel in the eastbound direction (toward Washington, 

D.C.); 19% travel in the westbound direction (toward Manassas).  The commuting 

characteristics of survey respondents were compared and found to be equivalent to 

national statistics.  Across the United States, approximately 91% of trips begin after 6:00 

AM, 85% of trips last up to 45 minutes and 8% of morning commutes last longer than 60 

minutes (Reschovsky 2004).   As with residential choices, the length and duration of 

commuting times may influence perceptions about the quality of life impacts of the three 

strategies. 

Sample Representativeness 

A primary consideration in the analysis of survey data was the representativeness of the 

sample.  Clearly, if the attributes of sample respondents do not reasonably correspond to 

study area characteristics, generalizing analytical findings or making inferences about the 

perceptions of the quality of life effects of implementing Ramp Metering, HOV Lanes 

and HOT Lanes within the I-66 network would be suspect.  Therefore, attributes of the 

sample and study area (age cohorts, gender and jurisdiction of residence) were compared.    
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Survey and Study Area Comparisons 

Age Cohorts 

An examination of the ages of survey participants compared to residents of the study area 

(shown in Table 6.2) revealed similar proportions of respondents within four of the six 

categories and smaller percentages of respondents within the lowest and highest age 

categories.  The disparities at the extremes suggest that individuals in these groups may 

have lower participation rates in work activities and therefore, may be less inclined to 

express their opinions about traffic conditions during the morning rush hour.   It should 

be noted, however, that survey categories which contain baby boomers (individuals who 

are between the ages of 41-59 in 2005) account for 67% of all survey responses although 

this demographic group comprises 59% of the study area population.   This higher 

number of baby boomers in survey responses may suggest a greater interest in activism 

and community engagement.    

 
Table 6.2 - Comparison of Age Cohorts of Survey Participants and Study Area 

Population 
 
 

Age Cohort 

Number of 
Responses by 
Age Cohort 

Percentage of 
Responses by 
Age Cohort 

Percentage of Age Cohort 
in the Five Jurisdictions 
(Study Area) 

18-24 18 5% 11%
25-34 88 23% 22%
35-44 104 27% 25%
45-54 94 25% 21%
55-64 57 15% 11%
65 or older 18 5% 10%

Total Responses 379
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Gender  

The populations of the five Northern Virginia jurisdictions that comprise the study area 

are 49% male and 51% female.  However, 63% of the sample respondents were male.  In 

addition, an analysis of the labor force of the five jurisdictions revealed that the 

percentage of employed males exceeds the percentage of employed females (53% vs. 

47%).26  While the higher male survey participation rate suggested that the sample is not 

representative of the study area population, this incongruity may be attributed in part to 

the fact that approximately 20% of survey participants reside outside of the five 

jurisdictions of interest.  (Residence in one of the five jurisdictions was not a prerequisite 

for survey participation because commuters that use the I-66 corridor may not live 

exclusively in the jurisdictions where I-66 is located.)  In addition, since a higher 

percentage of males participate in the labor force, the presence of a higher percentage of 

male survey participation (as users of Interstate 66 as their commuting route) is 

consistent.  Table 6.3 categorizes survey responses by gender and age cohort.   

 

                                                 
26 The data source for the number of employed persons is Table DP-3. Profile of Selected Economic 
Characteristics: 2000, Data Set: Census 2000 Census Summary File 3 (SF 3) – Sample Data.  It should be 
noted that these figures are for employed persons 16 years of age and over, while the survey is restricted to 
individuals 18 years and older.    
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Table 6.3 – Survey Responses by Age Cohort and Gender 

Age 
Cohort 

Number of 
Responses 
from Males 

% of Total   
Responses 

(Males) 

Number of 
Responses 

from Females 

% in Total  
Responses 

18-24 11 3% 7 2% 
25-34 60 16% 28 7% 
35-44 60 16% 44 12% 
45-54 51 13% 43 11% 
55-64 42 11% 15 4% 
65 or older 15 4% 3 1% 
Total 
Responses 
by Gender 239 140  
All 
Responses  379 63% 37% 
 

 

Jurisdiction of Residence 

Nearly 80% of survey respondents reside in the five jurisdictions of focus.  The 

jurisdictions with the largest populations (Arlington, Fairfax and Prince William 

counties) accounted for 69% of survey responses.  Residents of Arlington County 

provided 26% of survey responses, though the population of the jurisdiction comprises 

only 14% of the study area.  Conversely, Fairfax County was underrepresented in survey 

responses.  Although the county contains more than 65% of the study area population, 

only 28% of the survey respondents are residents of the county.  The low response rate in 

Fairfax County relative to its areal population may be attributed to the availability of 

employment at locations within the county boundaries that do not require travel on 

Interstate 66.   A report of responses by jurisdiction of residence is found in Table 6.4. 
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Table 6.4 - Survey Responses by Jurisdiction of Residence  

 
Jurisdiction of 
Residence 

 
Number of 
Responses 

% of Total 
Responses 
in Sample 

 
Study Area 
Population  

% of Study Area 
Population  

Arlington County 99 26% 158,214 14.3%
City of Fairfax 14 4% 17,185 1.5%
Fairfax County 108 28% 726,019 65.7%
City of Falls 
Church 19 5% 7,933 0.7%
Prince William 
County 56 15% 195,381 17.7%
Total Study Area 296 78% 1,104,732 100%

 

Other 
Jurisdictions 

 
Number of 
Responses

% of Total 
Responses 
in Sample

 
Study Area 
Population 

% of Study Area 
Population 

Loudoun County 
(7 jurisdictions) 23 6% N/A N/A
City of 
Alexandria 12 3% N/A N/A
Fauquier County 
(4 jurisdictions) 7 2% N/A N/A
Virginia Various 
(12 jurisdictions) 14 4% N/A N/A
Maryland Various 
(12 jurisdictions) 14 4% N/A N/A

Washington, D.C. 9 2% N/A N/A
Total Other 
Jurisdictions 79 21%  

 

  
Jurisdiction of 
Residence Not 
Indicated 4

 
1%

 

   
Grand Total 379 100%  
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The examination of responses by jurisdiction of residence revealed that residents from 

thirty-seven different communities outside of the study area provided 21% of survey 

responses (79).  Residents of Loudoun County provided 23 of the 79 out-of-study-area 

responses and 12 of the non-study area responses were from residents of the City of 

Alexandria.  Both jurisdictions are geographically situated in Northern Virginia; 

however, Interstate 66 is not located within the county and city boundaries.  To assess the 

appropriateness of including the responses from these localities (in light of the number of 

responses that were obtained from residents), social and economic data were examined 

for congruence with the locales within the study area.  The data revealed that both 

localities are comparable to each of the study area jurisdictions in terms of population, 

employment, and income (see Table 6.5a), and population characteristics are similar to 

the study area as a whole with respect to gender and age cohorts (see Table 6.5b).   
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Table 6.5a – Comparison of Characteristics between Study Area Jurisdictions,  
Loudoun County and Alexandria 

 
 
Jurisdiction of 
Residence 

 
Total 

 Population Employment 

Median 
Household 
Income ($)

Per Capita 
Income ($) 

Arlington County 158,214
 

114,040     63,001      37,706  
City of Fairfax 17,185          11,924      67,642       31,247  

Fairfax County 726,019
 

522,398      81,050       36,888  
City of Falls 
Church 7,933            5,857      74,924       41,051  
Prince William 
County 195,381

 
144,748      65,960      25,641  

  
Loudoun County      119,163 93,258 80,648 33,530 
Alexandria      106,746 76,584 56,054 37,645 
 

 
Table 6.5b – Comparison of Age Cohorts and Gender in Study Area  

Jurisdictions, Loudoun County and Alexandria 
 

Age Cohort  Study Area Loudoun County Alexandria 
18-24 11% 8% 11%
25-34 22% 25% 31%
35-44 25% 30% 22%
45-54 21% 19% 17%
55-64 11% 10% 9%

65 or Older 10% 8% 11%
 

 

Although there are differences between the localities in which some survey respondents 

reside and the jurisdictions within the study area, these differences can be explained and 

do not adversely affect the representativeness of sample. The differences have been taken 

into consideration when interpreting the results of the analyses, and the diversity in 
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residential choices may provide insight into perceptions about the socioeconomic effects 

of the three strategies or views about the overall efficiency of the roadway segment that is 

under review.  

Work in Transportation 

An underlying assumption of this dissertation is that individuals who work within and 

outside of the transportation field have different perceptions of the impacts of 

transportation policy implementations based upon information about transportation or 

biases about the field that are unrealistically positive or negative.  The responses of 

survey participants were evaluated to assess the validity of this supposition.  However, 

prior to engaging in the analysis and because employment in the transportation field can 

be interpreted differently (i.e., working in government transportation agencies, having a 

job with an entity that serves the transportation community, driving transport vehicles, 

etc.), workforce data that were requested and received from the Virginia Department of 

Transportation and the United States Department of Transportation were examined to 

consider this possibility.   

Agency workforce reports revealed that the VDOT Northern Virginia office employs 

nearly 1000, 37% of whom reside in the study area.  The US Department of 

Transportation (District of Columbia location only) employs nearly 7000 individuals.  Of 

these employees, 42% reside in Virginia.27 Workforce characteristics – age cohort, 

                                                 
27 A Freedom of Information Act (FOIA) Request (#2008-108) was submitted to the US Department of 
Transportation on February 24, 2008.  Workforce demographic information was returned on March 26, 
2008.  A breakdown of the workforce by age cohort and gender was provided, and the report also listed the 
number of employees by age cohort who reside in Virginia (but did not disaggregate this number by 
jurisdiction of residence).   
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gender and jurisdiction of residence – for each governmental agency compared to survey 

participants who work in the transportation field are shown in Table 6.6. 
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Table 6.6 – Transportation Workers 

Work in 
Transportation 

VDOT US DOT Survey Participants 

Age Cohort    

18-24 5 (<1%) 100 (1%) 2 (2%) 

25-34 74 (8%) 731 (11%) 23 (22%) 

35-44 229 (24%) 1593 (23%) 28 (26%) 

45-54 390 (41%) 2511(37%) 32 (30%) 

55-64 221 (23%) 1722 (25%) 19 (18%) 

65 and Older 35 (4%) 207 (3%) 2 (2%) 

Total 954 (100%) 6864 (100%) 106 (100%) 

Gender     

Female 198 (21%) 3366 (49%) 31 (29%) 

Male 756 (79%) 3498 (51%) 75 (71%) 

Total 954 (100%) 6864 (100%) 106 (100%) 

Jurisdiction of 
Residence 

   

City of Fairfax 3 (<1%) Not Provided 6 (6%) 

City of Falls Church 2 (<1%) Not Provided 0 (0%) 

Fairfax County 195 (20%) Not Provided 31 (29%) 

Prince William 
County 

152 (16%) Not Provided 15 (14%) 

Other 602 (63%) 3980 (58%) 54 (51%) 

VA Residents  2884 (42%)  

Total 954 (100%) 6864 (100%) 106 (100%)
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Table 6.6 shows that there are relatively similar proportions of individuals within all six 

age categories for the two transportation agencies compared to the sample of survey 

participants.  VDOT’s workforce distribution aligns closely with that of the sample with 

respect to gender; the US DOT workforce is almost equally divided among males and 

females.  Residential choices were also consistent when the workforce characteristics 

were compared; more than one-half of the employees reside outside of the study area.    

As previously stated, workforce characteristics were gathered to evaluate the validity of 

the assertion that perceptions of the effects of each strategy varies if one is employed (or 

not employed) in the transportation field.  Having gathered these data, the discussion now 

turns to the statistical analysis of survey responses.   

Statistical Analysis 

As previously stated, Chi Square tests were performed and aggregated survey data (All 

Responses) were used to draw conclusions about statistical significance and to make 

decisions about the existence (or absence) of a relationship between the independent and 

dependent variables.28  If the calculated probability was less than the designated 

significance level (.05), the null hypothesis of no association (or independence) was 

rejected.  In addition, if the calculated χ2 value was larger than the tabular χ2 value at the 

specified significance level (.05) and degrees of freedom, the null hypothesis of no 

association was rejected (Watkins, Scheaffer and Cobb 2004, Salvatore and Reagle 

                                                 
28 Response categories are abbreviated on the tables as: Strongly Agree (SA), Agree (A), Neither Agree 
nor Disagree (N), Disagree (D), and Strongly Disagree (SD).   The number of responses (frequency) is 
followed by the calculated column percentages (shown in parentheses).  
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2002).   Further, the magnitude of Cramer’s V was evaluated to determine the strength of 

association between the variables.   

The discussion and presentation of tabular data are restricted to instances in which 

statistically significant relationships were found (i.e., calculated probability was less than 

.05).  Analytical findings are discussed by strategy and independent variable (age cohort, 

age group, gender, and work in transportation).  Findings associated with each policy 

effect (safety, personal security and socioeconomic wellbeing) are reported in the 

following order:  

· Safety – Vehicle Accidents and Trip Length 

· Personal Security – Travel Time and Delay 

· Socioeconomic Wellbeing – Jobs and Migration  

The null hypotheses that were tested are: 

1. There is no association between implementation of Ramp Metering (HOV 

Lanes/HOT Lanes) and perceived safety (vehicle accidents and trip length).  

2. There is no association between implementation of Ramp Metering (HOV 

Lanes/HOT Lanes) and perceived personal security (travel time to destinations and 

delay).  

3. There is no association between implementation of Ramp Metering (HOV 

Lanes/HOV Lanes) and perceived socioeconomic wellbeing (jobs and migration into 

an area). 



 

103 
 

Ramp Metering 

Age Cohorts and Vehicle Accidents  

Individuals in all age cohorts disagreed (or strongly disagreed) that accidents increase 

when Ramp Metering is operational.  Individuals between the ages of twenty-five and 

thirty-four were 21% more likely than persons who are 18-24 years of age to disagree 

that implementing Ramp Metering can cause more vehicle accidents.  (The opinions of 

the younger participants could be influenced by factors such as the length of time as 

licensed drivers, exposure to Ramp Metering or general knowledge about how the 

strategy is employed.)   

The relationship is statistically significant (p=0.006), which suggests that the 

respondent’s age seemed to bias the opinion about the connection between Ramp 

Metering and vehicle accidents.  The calculated χ2 value of 39.6593 is greater than the 

tabular value of 31.41 (20 degrees of freedom), and the Cramer’s V measure (V=.16) 

indicates that a weak to moderate negative association exists between Ramp Metering 

and vehicle accidents.  Considering these findings, the null hypothesis of no association 

between Ramp Metering and safety (vehicle accidents) is rejected.    
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Table 6.7 – Responses to the Survey Statement, “Ramp Metering Can Cause More 
Vehicle Accidents” – Age Cohort 

 
 Age Cohorts  
Responses 18-24 25-34 35-44 45-54 55-64 65 or 

Older 
Total 

SA 1 (5.88) 7 (7.95) 3 (2.91) 4 (4.44) 1 (1.75) 1 (5.56) 17 (4.56)
A 5 (29.41) 17 (19.32) 39 (37.86) 21 (23.33) 7 (12.28) 2 (11.11) 91 (24.40)
N 7 (41.18) 22 (25.00) 31 (30.10) 29 (32.22) 27 (47.37) 5 (27.78) 121 (32.44)
D 3 (17.65) 34 (38.64) 25 (24.27) 30 (33.33) 19 (33.33) 5(27.78) 116 (31.10)
SD 1 (5.88) 8 (9.09) 5 (4.85) 6 (6.67) 3 (5.26) 5 (27.78) 28 (7.51)
Total 17  88 103 90 57 18 373
Pearson Chi2 = 39.6593, p = 0.006, Cramer’s V = 0.1630 

 

The Age Group Variable 

One of the three conditions29 that guides the use of Chi Square analysis is that fewer than 

20% of cells have an expected frequency less than 5 (Cramer 1994).   A review of 

contingency table cells for age cohort, gender and work in transportation revealed 

numerous instances for the age cohort variable in which the expected frequencies were 

less than 5.  Table 6.8 shows the number of instances in which the expected frequencies 

were less than 5.  The table also shows the percentage of instances where the expected 

frequencies were less than 5.  The percentage was calculated by dividing the individual 

instances (designated as A, C and D) by the total number of response categories 

(designated as B).    

 

                                                 
29 The other conditions are that one variable has more than two categories and no cell has an expected 
frequency less than 1. 
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Table 6.8 – Expected Frequencies 

 Ramp 
Metering 

Ramp 
Metering 

HOV Lanes HOV Lanes HOT  
Lanes 

HOT Lanes

 (A) 
 
Number of 
Instances- 
Expected 
Frequencies 
<5  

A/B 
 
Percentage 
of Instances- 
Expected 
Frequencies 
<5 

(C) 
 
Number of 
Instances- 
Expected  
Frequencies 
<5

C/B 
 

Percentage 
of Instances- 
Expected 
Frequencies 
<5

(D) 
 
Number of 
Instances-
Expected 
Frequencies 
<5 

D/B 
 

Percentage 
of Instances- 
Expected 
Frequencies 
<5

Travel Time 9 30% 12 40% 9 30%

Delay 9 30% 10 33% 7 23%

Trip Length 10 33% 10 33% 8 27%

Accidents 10 33% 12 40% 10 33%

Jobs 14 47% 12 40% 11 37%

Migration 14 47% 13 43% 13 43%

(B) 
 
Total 
Number of 
Response 
Categories30 

30  30   30   

 

 

Considering the above, the six age cohorts were collapsed into three age groups – Young 

Adult (18-34), Middle Age (35-54) and Older Adult (55 and Older), and the Chi Square 

analysis was redone using the new independent variable.  The perceptions of the 

relationship between Ramp Metering and Safety (vehicle accidents) based upon age 

groups are discussed below. 
                                                 
30 The number of response categories is equal to the number of possible responses (Strongly Agree, Agree, 
Neither Agree nor Disagree, Disagree and Strongly Disagree) multiplied by the age cohorts/categories (18-
24, 25-34, 35-44. 45-54, 55-64 and 65 or Older).    
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Age Groups and Vehicle Accidents 

Individuals in all age groups disagreed (or strongly disagreed) that accidents increase 

when Ramp Metering is operational.  While the column percentages of all age groups 

were fairly close, Young Adults (18-34 year olds) were 7% more likely than Middle Age 

persons to disagree that implementing Ramp Metering can cause more vehicle accidents, 

but were only 3% more likely to disagree than Older Adults.    

The relationship is statistically significant (p=0.020), which suggests that the 

respondent’s age group tends to bias his opinion about Ramp Metering and vehicle 

accidents.  The calculated χ2 value of 18.1844 is greater than the tabular value of 5.99 (2 

degrees of freedom).  Additionally, the Cramer’s V (V=.16) measure reveals a weak to 

moderate negative association  between Ramp Metering and Vehicle Accidents when 

responses are analyzed by age group.  Considering these findings, the null hypothesis of 

no association between implementing Ramp Metering and safety (with respect to vehicle 

accidents) is rejected.    
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Table 6.9 – Responses to the Survey Statement, “Ramp Metering Can Cause More 
Vehicle Accidents” – Age Groups 

 
 Age Groups  
Responses Young Adult Middle Age Older Adult Total 
SA 8 (7.62) 7 (3.63) 2 (2.67) 17 (4.56)
A 22 (20.95) 60 (31.09) 9 (12.00) 91 (24.40)
N 29 (27.62) 60 (31.09) 32 (42.67) 121 (32.44)
D 37 (35.24) 55 (28.50) 24 (32.00) 116 (31.10)
SD 9 (8.57) 11 (5.70) 8 (8.57) 28 (7.51)
Total 105 193 75 373 
Pearson Chi2 = 18.1844, p = 0.020, Cramer’s V = 0.1561 

 

Gender and Vehicle Accidents 

Survey respondents disagreed (or strongly disagreed) that implementing Ramp Metering 

can cause more vehicle accidents.  Females were about 7% more likely to disagree that 

implementing Ramp Metering can cause more vehicle accidents than males.  The 

relationship is statistically significant (p=0.037), and the calculated χ2 value of 10.1981 is 

greater than the tabular value of 9.49 (4 degrees of freedom).  In addition, the Cramer’s V 

measure indicates that a weak to moderate negative association exists (V=.16).  

Considering these findings, the null hypothesis of no association between implementing 

Ramp Metering and safety (with respect to vehicle accidents) is rejected.    
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Table 6.10 – Responses to the Survey Statement, “Ramp Metering Can Cause More 
Vehicle Accidents” – Gender 

 
 

 Gender 

Responses Female Male Total 

SA 2 (1.47) 15 (6.33) 17 (4.56)

A 34 (25.00) 57 (24.05) 91 (24.40)

N 47 (34.56) 74 (31.22) 121 (32.44) 

D 48 (35.29) 68 (28.69) 116 (31.10) 

SD 5 (3.68) 23 (9.70) 28 (7.51) 

Total 136 237 373 

Pearson Chi2 = 10.1981, p = 0.037, Cramer’s V = 0.1654 

 

Work in Transportation and Trip Length 

Participants neither agreed nor disagreed that implementing Ramp Metering would favor 

commuters with longer trips.  Non-transportation workers were nearly 13% more likely 

than transportation workers to question the connection between Ramp Metering and trip 

length.  The outcome of the analysis is statistically significant (p=.021) and the calculated 

χ2 value of 11.5919 is greater than the tabular value of 9.49 (4 degrees of freedom).    In 

addition, the Cramer’s V (V=.18) measure indicates that a weak to moderate association 

between the variables exists.  Considering these findings, the null hypothesis of no 

association between implementing Ramp Metering and safety (with respect to trip length) 

is rejected.    
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Table 6.11 – Responses to the Survey Statement, “Ramp Metering Would Favor 
Commuters with Longer Trips” – Work in Transportation 

 
 Work in Transportation 

Responses No Yes Total 

SA 17 (6.34) 10 (9.62) 27 (7.26)

A 47 (17.54) 32 (30.77) 79 (21.24)

N 130 (48.51) 37 (35.58) 167 (44.89) 

D 54 (20.15) 21 (20.19) 75 (20.16) 

SD 20 (7.46) 4 (3.85) 24 (6.45) 

Total 268 104 372 

Pearson Chi2 = 11.5919, p = 0.021, Cramer’s V = 0.1765 

 

Work in Transportation and Travel Times to Destinations 

Survey respondents agreed (or strongly agreed) that implementing Ramp Metering 

improves travel time to destinations. Transportation workers were more than 9% more 

likely than non-transportation workers to agree that implementing Ramp Metering has a 

positive effect on trip length.  The relationship is statistically significant with a low 

probability that this relationship arises by chance (p=0.025).  In addition, the calculated χ2 

of 11.1487 is greater than the tabular value of 9.49 (4 degrees of freedom).  Further, the 

Cramer’s V measure (V=.17) indicates that a weak to moderate positive association exists 

between Ramp Metering and travel time to destinations.  Considering these findings, the 
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null hypothesis of no association between implementing Ramp Metering and personal 

security (with respect to travel time to destinations to destinations) is rejected.    

 

Table 6.12 – Responses to the Survey Statement, “Ramp Metering Would Improve 
Travel Times to Destinations” – Work in Transportation 

 
 Work in Transportation 

Responses No Yes Total 

SA 18 (6.72) 11 (10.48) 29 (7.77)

A 70 (26.12) 37 (35.24) 107 (28.69)

N 88 (32.84) 37 (35.24) 125 (33.51) 

D 63 (23.51) 17 (16.19) 80 (21.45) 

SD 29 (10.82) 3 (2.86) 32 (8.58) 

Total 268 105 373 

Pearson Chi2 = 11.1487, p = 0.025, Cramer’s V = 0.1729 

 

Work in Transportation and Delay 

Survey participants agreed (or strongly agreed) that implementing Ramp Metering would 

reduce delay.  Transportation workers were approximately 17% more likely than non-

transportation workers to agree that implementing Ramp Metering would reduce delay.  

The relationship is statistically significant (p=0.000), and the calculated χ2 of 23.0091 is 

greater than the tabular value of 9.49 (4 degrees of freedom).  Further, the Cramer’s V 

(V=.25) measure indicates that a moderate positive association exists between Ramp 
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Metering and reductions in delay.  Considering these findings, the null hypothesis of no 

association between implementing Ramp Metering and personal security (with respect to 

delay) is rejected.    

 

Table 6.13 – Responses to the Survey Statement, “Ramp Metering Would Reduce  
Delay” – Work in Transportation 

 
 Work in Transportation 

Responses No Yes Total 

SA 15 (5.60) 13 (12.38) 28 (7.51)

A 73 (27.24) 47 (44.76) 120 (32.17)

N 87 (32.46) 19 (18.10) 106 (28.42) 

D 6 (23.88) 23 (21.90) 87 (23.32) 

SD 29 (10.82) 3 (2.86) 32 (8.58) 

Total 268 105 373 

Pearson Chi2 = 23.0091, p = 0.000, Cramer’s V = 0.2484 

 

HOV Lanes 

Age Groups and Vehicle Accidents 

Individuals in all age groups disagreed (or strongly disagreed) that accidents increase 

when HOV Lanes are operational.  The column percentages were nearly the same for all 

age groups at approximately 43%.    
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The relationship is statistically significant (p=0.045), which suggests that the 

respondent’s age group tends to bias his opinion about Ramp Metering and vehicle 

accidents.  The calculated χ2 value of 15.8417 is slightly larger than the tabular value of 

15.51 (8 degrees of freedom).  Additionally, the Cramer’s V measure reveals a weak to 

moderate negative association (V=.14) between HOV Lanes and vehicle accidents when 

responses were analyzed by age group.  Considering these findings, the null hypothesis of 

no association between implementing HOV Lanes and safety (with respect to vehicle 

accidents) is rejected.    

 

Table 6.14 – Responses to the Survey Statement, “HOV Lanes Can Cause More Vehicle 
Accidents” – Age Groups 

 
 Age Groups  

Responses Young 
Adult 

Middle 
Age 

Older 
Adult 

Total 

SA 2 (1.92) 10 (5.13) 1 (1.35) 13 (3.49)

A 20 (19.23) 20 (10.26) 4 (5.41) 44 (11.80)

N 20 (19.23) 55 (28.21) 21 (28.38) 96 (25.74) 

D 44 (42.31) 84 (43.08) 32 (43.24) 160 (42.90) 

SD 18 (17.31) 26 (13.33) 16 (21.62) 60 (16.09) 

Total 104 195 74 373 

Pearson Chi2 = 15.8417, p = 0.045, Cramer’s V = 0.1457 
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Gender and Vehicle Accidents 

Regardless of gender, survey respondents disagreed (or strongly disagreed) that 

implementing HOV Lanes can cause more vehicle accidents.  Females were about 7% 

more likely than males to disagree that there is a link between implementing HOV Lanes 

and increases in vehicle accidents.   The relationship is statistically significant with a low 

probability that it exists by chance (p=0.006).  The calculated χ2 value of 14.4247 is 

greater than the tabular value of 9.49 (4 degrees of freedom).  In addition, the Cramer’s V 

measure indicates that a moderate negative association exists (V=.2).  Considering these 

findings, the null hypothesis of no association between implementing HOV Lanes and 

safety (with respect to vehicle accidents) is rejected.    

 

Table 6.15 – Responses to the Survey Statement, “HOV Lanes Can Cause More Vehicle 
Accidents” – Gender 

 
 

 Gender  
Responses Female Male Total 
SA 2 (1.47) 11 (4.64) 13 (3.49) 
A 8 (5.88) 36 (15.19) 44 (11.80) 
N 44 (32.35) 52 (21.94) 96 (25.74) 
D 64 (47.06) 96 (40.51) 160 (42.90) 
SD 18 (13.24) 42 (17.72) 60 (16.09) 
Total 136 237 373 
Pearson Chi2 = 14.4247, p = 0.006, Cramer’s V = 0.1967 

 

Gender and Trip Length 

Females and males agreed (or strongly agreed) that implementing HOV Lanes favors 

commuters with longer trips.  Males were about 10% more likely than females to agree 
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that implementing HOV Lanes favors commuters with longer trips.  The relationship is 

statistically significant with a low probability that this relationship exists by coincidence 

(p=0.035).  The calculated χ2 value of 10.3430 is greater than the tabular value of 9.49 (4 

degrees of freedom).  Additionally, the Cramer’s V measure reveals a weak to moderate 

positive association between HOV Lanes and trip length (V=.17).  Considering these 

findings, the null hypothesis of no association between implementing HOV Lanes and 

safety (with respect to trip length) is rejected. 

 

Table 6.16 – Responses to the Survey Statement, “HOV Lanes Would Favor Commuters 
with Longer Trips” – Gender 

 
 Gender 

Responses Female Male Total 

SA 32 (23.53) 40 (16.81) 72 (19.25)

A 36 (26.47) 88 (36.97) 124 (33.16)

N 49 (36.03) 61 (25.63) 110 (29.41) 

D 16 (11.76) 39 (16.39) 55 (14.71) 

SD 3 (2.21) 10 (4.20) 13 (3.48) 

Total 136 238 374 

Pearson’s Chi2 = 10.3430, p = 0.035, Cramer’s V = 0.1663 
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Gender and Jobs 

Survey respondents, regardless of gender, neither agreed nor disagreed that implementing 

HOV Lanes increases the number of jobs in an area. However, females were more than 

15% more likely than male survey participants to express this perception.  The analytical 

finding is statistically significant (p=.034) and the calculated χ2 value of 10.4162 is 

greater than the tabular value of 9.49 (4 degrees of freedom).  In addition, the Cramer’s V 

measure indicates that a weak to moderate association exists (V=.17).  Considering these 

findings, the null hypothesis of no association between implementing HOV Lanes and 

socioeconomic wellbeing (with respect to jobs) is rejected.    

 

Table 6.17 – Responses to the Survey Statement, “HOV Lanes Would Increase the 
Number of Jobs in an Area” – Gender 

 
 

 Gender 

Responses Female Male Total 

SA 8 (5.97) 10 (4.18) 18 (4.83)

A 23 (17.16) 59 (24.69) 82 (21.98)

N 71 (52.99) 90 (37.66) 161 (43.16) 

D 25 (18.66) 58 (24.27) 83 (22.25) 

SD 7 (5.22) 22 (9.21) 29 (7.77) 

Total 134 239 373 

Pearson’s Chi2 = 10.4162, p = 0.034, Cramer’s V = 0.1671 
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Work in Transportation and Travel Time to Destinations 

Survey respondents agreed (or strongly agreed) that implementing HOV Lanes would 

improve travel time to destinations.  Those who do not work in transportation were about 

13% more likely than those who work outside of the transportation field to agree that 

implementing HOV Lanes can improve travel time to destinations.  The relationship is 

statistically significant with an extremely low probability (p=0.001).  The calculated χ2 

value of 19.0993 is greater than the tabular value of 9.49 (4 degrees of freedom).  

Additionally, the Cramer’s V (V=.23) measure indicates that a moderate positive 

association exists between HOV Lanes and travel time to destinations.  Considering these 

findings, the null hypothesis of no association between implementing HOV Lanes and 

personal security (with respect to travel time to destinations) is rejected. 

 
Table 6.18 – Responses to the Survey Statement, “HOV Lanes Would Improve Travel 

Time to Destinations” – Work in Transportation 
 

 Work in Transportation 

Responses No Yes Total 

SA 91 (33.83) 43 (40.95) 134 (35.83)

A 109 (40.52) 56 (53.33) 165 (44.12)

N 29 (10.78) 2 (1.90) 31 (8.29) 

D 23 (8.55) 3 (2.86) 26 (6.95) 

SD 17 (6.32) 1 (0.95) 18 (4.81) 

Total 269 105 374 

Pearson’s Chi2 = 19.0993, p = 0.001, Cramer’s V = 0.2260 
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Work in Transportation and Delay 

Regardless of their employment choice, survey participants agreed (or strongly agreed) 

that implementing HOV Lanes would reduce delay.   Transportation workers were about 

10% more likely to agree that there is a link between implementing HOV Lanes and 

reductions in delay.  The relationship is statistically significant with a low probability that 

it is coincidental (p=0.004).The calculated χ2 value of 15.3348 is greater than the tabular 

value of 9.49 (4 degrees of freedom).  Additionally, the Cramer’s V measure (V=.20) 

indicates that a moderate positive association exists between HOV Lanes and reductions 

in delay.  Considering these findings, the null hypothesis of no association between 

implementing HOV Lanes and personal security (with respect to delay) is rejected. 

 

Table 6.19 – Responses to the Survey Statement, “HOV Lanes Would Reduce Delay” – 
Work in Transportation 

 
 Work in Transportation 

Responses No Yes Total 

SA 79 (29.26) 38 (36.19) 117 (31.20)

A 116 (42.96) 56 (53.33) 172 (45.87)

N 32 (11.85) 5 (4.76) 37 (9.87) 

D 23 (8.52) 6 (5.71) 29 (7.73) 

SD 20 (7.41) 0 (0.00) 20 (5.33) 

Total 270 105 375 

Pearson’s Chi2 = 15.3348, p = 0.004, Cramer’s V = 0.2022 
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Work in Transportation and Migration 

Survey respondents did not agree or disagree that implementing HOV Lanes can 

encourage people to move into the area.  However, transportation workers were 

approximately 5% more likely than non-transportation workers to express this perception.  

The analytical finding is statistically significant (p=.047) and the calculated χ2 value of 

9.6317 is slightly greater than the tabular value of 9.49 (4 degrees of freedom).  In 

addition, the Cramer’s V measure (V=.16) indicates that a weak to moderate association 

exists.  Considering these findings, the null hypothesis of no association between 

implementing HOV Lanes and socioeconomic wellbeing (with respect to migration) is 

rejected.    

 

Table 6.20 – Responses to the Survey Statement, “HOV Lanes Can Encourage 
Movement into an Area”– Work in Transportation 

 
 Work in Transportation 

Responses No Yes Total 

SA 8 (2.99) 8 (7.62) 16 (4.29)

A 59 (22.01) 26 (24.76) 85 (22.79)

N 105 (39.18) 46 (43.81) 151 (40.48) 

D 66 (24.63) 21 (20.00) 87 (23.32) 

SD 30 (11.19) 4 (3.81) 34 (9.12) 

Total 268 105 373 

Pearson’s Chi2 = 9.6317, p = 0.047, Cramer’s V = 0.1607 
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HOT Lanes 

Gender and Trip Length 

Regardless of gender, survey respondents agreed (or strongly agreed) that implementing 

HOT Lanes favors commuters with longer trips.  Males were about 13% more likely than 

females to agree that there is a connection between implementing HOT Lanes and trip 

length.  The relationship is statistically significant with a very low probability that this 

relationship arises by chance (p=0.002).  The calculated χ2 value of 16.9364 is greater 

than the tabular value of 9.49 (4 degrees of freedom).  Additionally, the Cramer’s V 

measure (V=.21) indicates that a moderate positive association exists between HOT 

Lanes and trip length.  Considering these findings, the null hypothesis of no association 

between implementing HOT Lanes and safety (with respect to trip length) is rejected. 
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Table 6.21 – Responses to the Survey Statement, “HOT Lanes Would Favor Commuters 
with Longer Trips” – Gender 

 
 Gender 

Responses Female Male Total 

SA 14 (10.37) 26 (11.02) 40 (10.78)

A 26 (19.26) 77 (32.63) 103 (27.76)

N 69 (51.11) 72 (30.51) 141 (38.01) 

D 20 (14.81) 44 (18.64) 64 (17.25) 

SD 6 (4.44) 17 (7.20) 23 (6.20) 

Total 135 236 371 

Pearson’s Chi2 = 16.9364, p = 0.002, Cramer’s V = .2137 

 

Gender and Travel Time to Destinations 

Females and males agreed (or strongly agreed) that implementing HOT Lanes would 

improve travel time to destinations.  Males are about 12% more likely than females to 

strongly agree that there is a link between implementing HOT Lanes and travel time 

improvements.  The relationship is statistically significant with a low probability 

(p=0.006).  The calculated χ2 value of 14.6239 is greater than the tabular value of 9.49 (4 

degrees of freedom).  In addition, the Cramer’s V measure (V=0.20) indicates that a 

moderate positive association exists.  Considering these findings, the null hypothesis of 

no association between implementing HOT Lanes and personal security (with respect to 

travel time to destinations) is rejected. 
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Table 6.22 – Responses to the Survey Statement, -“ HOT Lanes Would Improve Travel 
Time to Destinations” – Gender 

 
  

Gender 
Responses Female Male Total 

SA 14 (10.37) 53 (22.18) 67 (17.91)

A 59 (43.70) 104 (43.51) 163 (43.58)

N 28 (20.74) 25 (10.46) 53 (14.17) 

D 25 (18.52) 35 (14.64) 60 (16.04) 

SD 9 (6.67) 22 (9.21) 31 (8.29) 

Total 135 239 374 

Pearson’s Chi2 = 14.6239, p = 0.006, Cramer’s V = 0.1977 

 

Gender and Delay 

Regardless of gender, survey respondents agreed (or strongly agreed) that implementing 

HOT Lanes would reduce delay.  Males are about 8% more likely than females to 

strongly agree with the assertion that implementing HOT Lanes would reduce delay.  The 

relationship is statistically significant with a low probability (p=0.034) that this 

relationship exists by happenstance.  The calculated χ2 value of 10.4457 is greater than 

the tabular value of 9.49 (four degrees of freedom).  In addition, the Cramer’s V measure 

(V= 0.17) indicates that a weak to moderate positive association exists.  Considering 

these findings, the null hypothesis of no association between implementing HOT Lanes 

and personal security (with respect to delay) is rejected. 
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Table 6.23 – Responses to the Survey Statement, “HOT Lanes Would Reduce Delay” – 
Gender 

 
  

Gender 
Responses Female Male Total 

SA 16 (11.85) 48 (20.08) 64 (17.11)

A 50 (37.04) 95 (39.75) 145 (38.77)

N 29 (21.48) 34 (14.23) 63 (16.84) 

D 30 (22.22) 35 (14.64) 65 (17.38) 

SD 10 (7.41) 27 (11.30) 37 (9.89) 

Total 135 239 374 

Pearson’s Chi2 = 10.4457, p = 0.034, Cramer’s V = 0.1671 

 

Gender and Jobs 

Survey respondents, regardless of gender, neither agreed nor disagreed that HOT Lanes 

can increase the number of jobs in an area.  Column percentages of survey responses are 

equal (47%). The relationship is statistically significant (p=.005) and the calculated χ2 

value of 14.9311 is greater than the tabular value of 9.49 (four degrees of freedom).  In 

addition, the Cramer’s V measure (V=.20) indicates that a moderate association exists.  

Considering these findings, the null hypothesis of no association between implementing 

HOT Lanes and socioeconomic wellbeing (with respect to jobs) is rejected.    
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Table 6.24 – Responses to the Survey Statement, “HOT Lanes Would Increase the 
Number of Jobs in an Area” – Gender 

 
  

Gender 
Responses Female Male Total 

SA 4 (2.96) 14 (5.86) 18 (4.81)

A 8 (5.93) 36 (15.06) 44 (11.76)

N 63 (46.67) 112 (46.86) 175 (46.79) 

D 51 (37.78) 55 (23.01) 106 (28.34) 

SD 4 (6.67) 22 (9.21) 31 (8.29) 

Total 135 239 374 

Pearson’s Chi2 = 14.9311, p = 0.005, Cramer’s V = 0.1998 
 

 

Work in Transportation and Trip Length 

Survey respondents agreed (or strongly agreed) that implementing HOT Lanes favors 

commuters with longer trips.    Transportation workers were about 15% more likely than 

non-transportation workers to agree that there is a link between implementing HOT 

Lanes and trip length.  The relationship is statistically significant with a low probability 

(p=0.038), and the calculated χ2 value of 10.1757 is greater than the tabular value of 9.49 

(four degrees of freedom).  In addition, the Cramer’s V measure (V=.16) indicates that a 

weak to moderate positive association exists.  Considering these findings, the null 

hypothesis of no association between implementing HOT Lanes and safety (with respect 

to trip length) is rejected. 
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Table 6.25 – Responses to the Survey Statement, “HOT Lanes Would Favor Commuters 
with Longer Trips” – Work in Transportation 

 
 Work in Transportation 

Responses No Yes Total 

SA 31 (11.65) 9 (8.65) 40 (10.81)

A 62 (23.31) 40 (38.46) 102 (27.57)

N 103 (38.72) 38 (36.54) 141 (38.11) 

D 51 (19.17) 13 (12.50) 64 (17.30) 

SD 19 (7.14) 4 (3.85) 23 (6.22) 

Total 266 104 370 

Pearson’s Chi2 = 10.1757, p = 0.038, Cramer’s V = 0.1658 

 

Work in Transportation and Travel Time to Destinations 

Survey respondents agreed (or strongly agreed) that implementing HOT Lanes would 

improve travel time to destinations.  Transportation workers were about 14% more likely 

than their non-transportation colleagues to agree that there is a link between 

implementing HOT Lanes and improvements in travel time to destinations.  The 

relationship is statistically significant with a very low probability (p=0.003) that this 

relationship is arbitrary.  The calculated χ2 value of 16.1160 is greater than the tabular 

value of 9.49 (4 degrees of freedom).  In addition, the Cramer’s V measure (V=.21) 

indicates that a moderate positive association exists.   
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Considering these findings, the null hypothesis of no association between implementing 

HOT Lanes and personal security (with respect to travel time to destinations to 

destinations) is rejected. 

 
 

Table 6.26 – Responses to the Survey Statement: “HOT Lanes Would Improve Travel 
Time to Destinations” – Work in Transportation 

 
 Work in Transportation 

Responses No Yes Total 

SA 44 (16.36) 23 (22.12) 67 (17.96)

A 106 (39.41) 56 (53.85) 162 (43.43)

N 40 (14.87) 13 (12.50) 53(14.21) 

D 50 (18.59) 10 (9.62) 60 (16.09) 

SD 29 (10.78) 2 (1.92) 31 (8.31) 

Total 269 104 373 

Pearson’s Chi2 = 16.1160, p = 0.003, Cramer’s V = 0.2079 

 

Work in Transportation and Delay 

Survey respondents agreed (or strongly agreed) that implementing HOT Lanes would 

reduce delay.  Individuals who work in the transportation field are about 17% more likely 

than workers outside the field to agree with the idea that implementing HOT Lanes would 

reduce delay.  The relationship is statistically significant with a very low probability 

(p=0.001) that this relationship arises by chance.  The calculated χ2 value of 17.7468 is 
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greater than the tabular value of 9.49 (4 degrees of freedom).  In addition, the Cramer’s V 

measure (V=.22) indicates that a moderate positive association exists.  Considering these 

findings, the null hypothesis of no association between implementing HOT Lanes and 

personal security (with respect to delay) is rejected. 

 

Table 6.27 – Responses to the Survey Statement: “HOT Lanes Would Reduce Delay” – 
Work in Transportation 

 
 
 

Work in Transportation 

Responses No Yes Total 

SA 43 (15.99) 21 (20.19) 64 (17.16)

A 91 (33.83) 53 (50.96) 144 (38.61)

N 47 (17.47) 16 (15.38) 63(16.89) 

D 54 (20.07) 11 (10.58) 65 (17.43) 

SD 34 (12.64) 3 (2.88) 37 (9.92) 

Total 269 104 373 

Pearson’s Chi2 = 17.7468, p = 0.001, Cramer’s V = 0.2181 

 

Conclusion 

Overall, the analysis showed that survey respondents perceived that all transportation 

policy interventions (Ramp Metering, HOV Lanes and HOT Lanes) have an effect on 

quality of life with respect to safety, personal security and socioeconomic wellbeing.    
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Twenty statistically significant relationships were identified between the independent and 

dependent variables.  Differences in viewpoints vary most notably by gender but biases 

also were revealed when age and employment in the transportation field were taken into 

account.  For example, opinions about the safety of Ramp Metering by Young Adults 

(18-34 year olds) compared to Middle Age and Older Adults were observed.  These age-

related variations may be associated with travel habits and lifestyle choices of this age 

group.   In addition, differences were found between male and female perceptions of the 

effects of HOT Lanes.  This diversity may be associated with alternative employment 

choices of females within the study area (e.g., participation in telecommuting, in-home or 

self-employment or engagement in full-time at-home care-giving).  Finally, diverging and 

inconsistent perceptions between individuals who are employed within and outside of the 

transportation field were uncovered.  These findings support the premise that data derived 

from traditional engineering analyses (which is generally quantitative in nature) should 

be augmented by qualitative data to more fully assess the quality of life impacts of 

transportation policies.   
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Chapter 7 Results of the Planning Balance Sheet Assessment 

 

Planning Balance Sheet Assessment    

Twenty transportation policy specialists from within and beyond the study area 

conducted a Planning Balance Sheet Assessment (PBSA) to evaluate the benefits and 

costs of implementing Ramp Metering, HOV Lanes and HOT Lanes.  A rating form was 

developed based upon the findings of simulation studies, empirical analyses and field 

operational tests.  The objectives and sub-attributes that were evaluated in the PBSA 

correspond to the three areas of focus that were expressed in the research questions and 

hypotheses – safety, personal security and socioeconomic wellbeing.  Specialists from 

Academia and individuals who are engaged in Government Administration, Operations 

and Private Consultation performed the Planning Balance Sheet Assessment.  A numeric 

rating scale of -5 to +5 was adopted, with +5 being the highest rating that could be given 

to a benefit, and -5 being the lowest rating that could be given as an indication of a 

detriment or cost.  The indicators of quality of life (safety, personal security and 

socioeconomic wellbeing) as defined in the research questions, hypotheses and survey 

questions were used to establish the objectives in the Assessment.   

The analysis of ratings was performed in three different ways.  The initial examination of 

ratings was from the perspective of each of the five scenarios: 

· Exclusive implementation of Ramp Metering 
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· Exclusive implementation of HOV lanes 

· Exclusive implementation of HOT lanes 

· Concurrent implementation of Ramp Metering and HOV Lanes 

· Concurrent implementation of Ramp Metering and HOT Lanes 

The second analytical approach was based upon policy expert category and was carried 

out on four different dimensions: 

· Academia 

· Government Administration 

· Operations 

· Private Consultation 

The final viewpoint from which the ratings were analyzed was by Objective or quality of 

life effect.  The three dimensions of this analysis were:  

· Safety 

· Personal Security 

· Socioeconomic Wellbeing 

Although the analysis of ratings was performed in three different ways, findings are 

discussed by implementation scenario only.31  This discussion is followed by a tabular 

representation of ratings that were provided by all experts. Observations focus upon 

instances where there were notable similarities or differences in perceptions of the 

benefits (or detriments) of implementing Ramp Metering, HOV Lanes and HOT Lanes.  

                                                 
31 A discussion of findings from the other two perspectives, expert category and Objective, is found in 
Appendix 3. 
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The chapter concludes with a comparison of findings that were obtained from the PBSA 

and the road user survey.     

Scenario Ratings 

Scenario 1 – Exclusive Implementation of Ramp Metering 

The aggregate rating for exclusive implementation of Ramp Metering was 2.1.  

Transportation policy experts perceived that implementation of this scenario would 

achieve two objectives; improvements in safety and enhanced personal security but 

would contribute minimally to improved socioeconomic wellbeing.  All four sub-

attributes for the objectives of safety and personal security received ratings of 

approximately 3.0.  Specifically, the rating for reductions in vehicle accidents when 

Ramp Metering is implemented exclusively was 3.0.  The scenario was also regarded as 

an effective means of increasing travel speeds; a rating of 2.9 was given.  Regarding 

personal security, ratings of 2.8 and 2.7 were provided for improvements in travel time to 

destinations and reductions in delay, respectively.  Experts did not perceive that exclusive 

implementation of Ramp Metering would produce positive socioeconomic impacts – 

increases in employment or migration into the area.  Overall, the specialists provided a 

rating of less than 1 (0.6) for each of these impacts.   

Scenario 2 – Exclusive Implementation of HOV Lanes 

The HOV scenario received an overall rating of 2.3, and whereas the potential for 

improving safety and personal security were given equivalent ratings when Ramp 

Metering is implemented exclusively, policy experts perceived a much stronger 

connection between exclusive implementation of HOV Lanes and personal security.  The 
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two sub-attributes that are designated as indicators of personal security – improvement in 

accessibility via a reduction in travel time and reduction in delay – received ratings of 3.5 

and 3.3, respectively.  Exclusive implementation of HOV Lanes was perceived as having 

a positive safety impact with respect to increases in travel speed (a rating of 3.3 was 

given) but the idea that vehicle accidents would be reduced received a relatively low 

positive rating of 1.4.  The experts linked exclusive implementation of HOV Lanes with 

socioeconomic wellbeing in a marginally positive way although at a somewhat higher 

level than for Ramp Metering.  Scores of 1.4 and 1.3, respectively, were given to the 

measures of increases in employment and encouragement of migration into the area.  

Scenario 3 – Exclusive Implementation of HOT Lanes 

The HOT Lanes scenario received an overall rating of 2.6, and the highest expert ratings 

for exclusive implementation of HOT Lanes were associated with measures of personal 

security.  Participants perceived that exclusive implementation of this scenario would 

result in reductions in travel time (a rating of 3.6) and delay (rating of 3.7).  The safety 

benefit of the scenario with respect to reductions in vehicle accidents received a low 

positive score of 1.3.  Conversely, the notion that adoption of the scenario would improve 

safety via increases in travel speeds was rated at 3.6.  The experts perceived that 

exclusive implementation of HOT Lanes would have small positive  but higher effects on 

socioeconomic wellbeing than was the case for Ramp Metering.  The potential for 

increases in employment was rated as 1.6, and the notion that embracing this scenario 

would encourage migration into the area was rated at 1.7.    
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Scenario 4 – Concurrent Implementation of Ramp Metering and HOV Lanes 

This scenario received an overall rating of 2.7 and experts perceived concurrent 

implementation of Ramp Metering and HOV Lanes as a means of enhancing personal 

security.  Ratings of 3.6 and 3.4 were given to the sub-objectives of reductions in travel 

time and delay, correspondingly.  Sub-objectives associated with safety, reductions in 

vehicle accidents and increases in travel speeds, were also rated favorably (2.8 and 3.5).  

In addition, experts connected this scenario with marginally positive improvements in 

socioeconomic wellbeing.  The policy specialists indicated that this scenario would 

increase employment to some extent (rating of 1.5) and would encourage migration into 

the area (rating of 1.4). 

Scenario 5 – Concurrent Implementation of Ramp Metering and HOT Lanes 

The simultaneous implementation of Ramp Metering and HOT Lanes received the 

highest overall rating (2.9) when compared to all other scenarios.   Policy experts rated 

this approach as being most conducive to improvements in personal security.  The 

transportation specialists perceived that this scenario would result in reductions in travel 

time (3.8) and delay (3.7).  PBSA participants also expressed the opinion that travel 

speeds would increase (3.8) and that reductions in vehicle accidents would occur (2.7).  

The policy specialists perceived that marginally positive socioeconomic benefits would 

accrue when the scenario is implemented; ratings of 1.8 and 1.6 were given to the sub-

objectives related to increases in employment and migration into the area. 
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General Observations 

The review of the scenarios revealed a gradual increase in overall ratings as the scenarios 

changed from singular strategy implementation to concurrent ones.  The increase in 

ratings may be an indication that the policy experts perceive that a progression of benefits 

exists among the scenarios/policy interventions.  Specifically, exclusive implementation 

of Ramp Metering received an overall rating of 2.1, and the collective rating for exclusive 

implementation of HOV Lanes was slightly higher at 2.4.   The scenario rating for 

exclusive implementation of HOT Lanes was still higher at 2.6, and the concurrent 

implementation scenarios were both rated higher than any of the exclusive approaches.  

The trend of increasing ratings was evident even among the concurrent implementation 

scenarios in that when Ramp Metering is combined with HOV Lanes, an overall scenario 

rating of 2.7 was found, and concurrent implementation of Ramp Metering and HOT 

Lanes received an overall rating of 2.9.   

The perceived benefits progression among scenarios/policy interventions may be 

associated with factors, such as the relative ease with which interventions may be 

undertaken or impediments that may hinder strategy adoption.  For example, 

implementation of Ramp Metering is contingent upon roadway geometry (the presence of 

ramps, arterial feeder routes, storage space for vehicles prior to entering the freeway, 

etc.), technology (traffic signals, software and a central system through which metering 

cycles are monitored and manipulated, etc.) and the need or desire to control the flow of 

traffic entering a freeway.  In the absence of these three conditions, the likelihood of 

implementing Ramp Metering is reduced or eliminated (Chaudhary and Messer 2000). As 
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a result, experts may perceive that the magnitude of the positive impact of exclusive 

implementation of the strategy is diminished.  Conversely, HOV Lanes are not as 

dependent upon roadway geometry or technology but, like Ramp Metering, are 

implemented to better manage traffic flow along freeways.  Other than the need to be 

separated from general purpose lanes and the requirement to provide a mechanism for 

enforcement, HOV Lanes can be implemented at almost any location where the 

aforementioned conditions are met.  Therefore, HOV Lanes may be perceived as being 

relatively easily attainable, environmentally-responsible and socially-acceptable (but not 

necessarily beneficial from a socioeconomic perspective as defined in this dissertation as 

increases in employment and migration into the area). 

The higher rating for exclusive implementation of HOT Lanes (over the scenarios for 

exclusive implementation of Ramp Metering and HOV Lanes) may be associated with 

the perception that the scenario is directly associated with improvements in the 

operational efficiency of a roadway (higher travel speeds, lower travel times and 

reductions in delay).  In addition, (though this issue was not raised in the road user survey 

or PBSA), the higher ratings for this scenario may be associated with the perception that 

improvements in the operational efficiency of a roadway influence broader transportation 

policy considerations (i.e., infrastructure investment decisions, revenue generation and 

distribution for transportation services, etc.).   

The higher ratings for the concurrent implementation scenarios (Ramp Metering with 

HOV Lanes and Ramp Metering with HOT Lanes) could be perceived as intuitive since 

the ratings represent the additive benefits of the perceived positive impacts of each 
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exclusive implementation scenario.  That is, the perceived safety benefits of 

implementing Ramp Metering and HOV Lanes independently are enhanced when the two 

strategies are employed concurrently.  The only instance in which this interpretation 

appears to be incorrect is in the area of vehicle accidents.  Of all cases, the ratings for 

both concurrent implementation scenarios received lower ratings than exclusive 

implementation of Ramp Metering.        

As previously stated, the gradual increase in ratings from Ramp Metering only to Ramp 

Metering and HOT Lanes may signify the perception of increasing benefits across this 

progression of scenarios.   

From a quality of life perspective, the policy experts exhibited contradictory perceptions 

of the safety benefits of exclusive implementation of Ramp Metering and HOV/HOT 

Lanes when the potential for accident reduction was considered.32  Exclusive 

implementation of Ramp Metering was rated more than twice as high as the other two 

exclusive implementation scenarios.  The higher rating for Ramp Metering may illustrate 

a belief in the fundamental accident reduction benefit of the strategy.33  The lower ratings 

for the other exclusive implementation scenarios may illustrate the viewpoint that greater 

friction exists as vehicles attempt to enter HOV and HOT Lanes.  Therefore, the potential 

                                                 
32 The incongruence in perceptions relative to accident reduction may be associated with differences in how 
congestion and its root causes are defined and/or perceived.  Experts may have perceived that the strategies 
reduce the number of accidents/incidents but simultaneously contribute to variability and/or increases in 
traffic volumes.  Accidents/incidents and variability in traffic volumes are two of the seven sources of 
congestion that were identified by Cambridge Systematics (2005).  Future research could explore if there 
would be greater convergence in strategy ratings if additional explanations/definitions of congestion were 
provided. 
33 Ramp Metering is employed to reduce friction between vehicles that are traveling on the freeway and 
those that are attempting to gain access to the facility.  Conceivably, as friction is reduced and traffic flow 
is better regulated, the potential for accidents is diminished. 
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reduction in accidents is lower than when access to travel lanes is controlled.  This 

perception that HOV Lanes and HOT Lanes are not as conducive to accident reduction 

was also evident in the concurrent implementation scenarios.  Ratings for concurrent 

implementation of Ramp Metering and HOV Lanes and Ramp Metering and HOT Lanes 

were virtually equal to those that were assigned to exclusive implementation of Ramp 

Metering; the other strategies were not perceived to add value.      

Whereas the primacy of exclusive implementation of Ramp Metering was perceived in 

the evaluation of accident reduction, the opposite was expressed when the safety object 

related to increases in travel speeds was considered.  Although the ratings were not as 

dramatically different as in the former case, exclusive implementation of HOV Lanes and 

HOT Lanes were perceived as beneficial to achievement of this objective.   

The phenomenon of providing higher ratings for scenarios involving HOV Lanes and 

HOT Lanes compared to exclusive implementation of Ramp Metering was also evident 

when both sub-attributes for the personal security objective were reviewed.  Experts 

perceived that these scenarios (exclusive implementation of HOV and HOT Lanes and 

simultaneous implementation of the strategies and Ramp Metering) would reduce travel 

time and reductions in delay would occur.  Ratings for the socioeconomic wellbeing 

objective were also slanted toward HOV Lanes and HOT Lanes.  Experts perceived that 

employment and migration into the area would be more significantly enhanced when 

HOV and HOT Lanes are implemented (exclusively or in concert with Ramp Metering) 

as opposed to solitary implementation of Ramp Metering.  Ratings were nearly twice as 

high for the former as for the latter.  The predominance of scenarios that could be 



 

137 
 

perceived as more inclusive over the scenario that imposes control over travel lane entry 

may symbolize an unexpressed belief that strategies that encourage collaboration or allow 

greater latitude for individual decisions ultimately produce the greatest good for all, even 

on congested roadways.   
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Table 7.1 Scenario Ratings (All Experts) 

Planning 
Balance Sheet 
Assessment 

Scenario 
1 

Scenario 
2 

Scenario 
3 

Scenario 
4 

Scenario 
5 

 Ramp 
Metering 

HOV 
Lanes 

HOT 
Lanes 

Ramp 
Metering 
and HOV 
Lanes 

Ramp 
Metering 
and HOT 
Lanes 

Safety      

Reduces 
Vehicle 
Accidents 

3.0 1.4 1.3 2.8 2.7 

Increases Travel 
Speeds 

2.9 3.3 3.6 3.5 3.8 

      

Personal 
Security 

     

Improves 
Accessibility/ 
Reduces Travel 
Time 

2.8 3.5 3.6 3.6 3.8 

Reduces Delay 2.7 3.3 3.7 3.4 3.7 

      

Socioeconomic 
Wellbeing 

     

Increases 
Employment 

0.6 1.4 1.6 1.5 1.8 

Encourages 
Migration into 
the Area 

0.6 1.3 1.7 1.4 1.6 

      

Average Rating 
for Scenarios 

2.1 2.3 2.6 2.7 2.9 
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Conclusion 

The results of the Planning Balance Sheet Assessment support the assertion that Ramp 

Metering, HOV Lanes and HOT Lanes, when implemented exclusively or in concert, 

enhance quality of life in the areas of safety, personal security and to a lesser extent 

socioeconomic wellbeing.  These findings are generally consistent with the statistical 

analysis of responses that were obtained from the road user survey.  Specifically, the 

safety benefits of Ramp Metering and HOV Lanes with respect to vehicle accident 

reduction were identified by all respondents regardless of age cohort, age group or 

gender.  In addition, survey respondents perceived that implementing all three strategies 

improves travel time to destinations and reduces delay.  Whereas the policy experts 

associated employment increases and migration to the area with implementation of HOV 

Lanes and HOT Lanes to a marginal extent, survey participants did not perceive that 

these socioeconomic benefits would exist. The analysis of survey responses revealed a 

statistically significant relationship between implementation of HOV Lanes and HOT 

Lanes and the two socioeconomic wellbeing variables.  However, the outcome was that 

participants neither agreed nor disagreed that implementing HOV Lanes or HOT Lanes 

increases the number of jobs in an area, and they did not perceive that HOV Lanes 

encourage people to move into the area.     

In reality, a positive relationship may exist (i.e., implementation produces benefits), there 

may be no direct connection or the strategies under review may be detrimental to quality 

of life.  Regardless of the uncertainty about the true relationship between the variables, 

transportation officials are expected to demonstrate an understanding of and sensitivity to 
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the consequences of the strategies they implement to mitigate congestion and manage 

traffic conditions within the transportation network.  Considering the findings that were 

derived from the analysis of data from the road user survey and the PBSA, concluding 

remarks and considerations for future research are offered in the final chapter of the 

dissertation. 
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Chapter 8 Conclusions and Future Research 

 

Transportation policies affect a diverse group of stakeholders who depend on decision 

makers to provide a network within which they can achieve their travel objectives.  

Individuals and households with varying values of time and different levels of income 

expect to have access to a dependable transportation system.  They expect reliable travel 

times to destinations, whether they are going to work or school, or engaging in leisure 

activities.  Commercial interests hinge their success upon being able to move goods and 

provide services in a way that promotes sustainability and prosperity.  When the travel 

activities of these disparate entities – individuals, households and businesses – occur in 

concert or in conflict with each other, traffic congestion is a common byproduct.   

Three strategies that are used to mitigate the effects of traffic congestion are Ramp 

Metering, High Occupancy Vehicle (HOV) Lanes and High Occupancy Toll (HOT) 

Lanes.  Forms of Ramp Metering have existed in the United States since the early 1960s, 

and HOV Lanes have been in use for over 30 years.   HOT Lanes have only gained 

prominence over the last several years, although the theoretical basis for deployment has 

been argued for many years.  Purported benefits of Ramp Metering include increases in 

freeway efficiency, speed, and safety (reductions in rear-end and merging accidents), and 

decreases in fuel consumption and vehicle emissions. HOV Lanes are perceived as a 

more efficient and equitable allocation of road space.  HOT Lanes allow individuals who 
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drive alone to use HOV Lanes by paying a fee and give motorists the choice of opting-out 

of congested general purpose lanes when being delayed is not acceptable.  Proponents of 

each strategy highlight the potential for enhanced freeway operation as a result of 

increases in travel speed and trip reliability, and reductions in travel time. Critics of all 

three strategies argue that implementation can result in induced traffic and latent demand.   

The implications of implementing the three strategies encompass several disparate but 

interrelated phenomena, among which are the Baby Boom generation and women’s 

transportation issues.  As the Baby Boom generation moved from childhood to adulthood, 

the expanding working-age population (especially women) was absorbed into the 

workforce. The increase in workforce participation translated into: additional 

discretionary income (a portion of which is used for leisure travel), changes in 

transportation characteristics (trip purposes, durations), and increases in traffic volumes, 

travel delay and roadway congestion.   

Simulation studies, empirical analyses and field operational tests all conclude that 

implementing Ramp Metering, HOV Lanes and HOT Lanes influences driver behavior.  

However, the simulation studies, empirical analyses and field operational test results that 

were reviewed in this dissertation did not address the effects of the three strategies on 

socioeconomic considerations, such as employment and migration.  Therefore, an 

examination of the socioeconomic effects of implementing Ramp Metering, HOV Lanes 

and HOT Lanes on Interstate 66 in Northern Virginia was undertaken.   

The examination made significant new contributions to the body of knowledge about the 

effects of transportation policies.  First, the dissertation established a unique set of 
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variables (safety, personal security and socioeconomic wellbeing) to assess the quality of 

life effects of transportation policies and revealed statistically significant relationships 

between them.  The variables correspond to common measures of the effectiveness of the 

three transportation policy interventions, and are generally intuitive (i.e., reductions in 

vehicle accidents relate to improvements in safety and increases in employment are 

beneficial to socioeconomic wellbeing).  However, the notion of linking personal security 

with reductions in delay and travel time to destinations was a novel effort.  A second 

contribution of the research was the evaluation of combining policy interventions; an area 

of investigation that is not apparent in empirical research.  A diverse group of 

transportation policy experts perceived that broader benefits accrue to road users when 

strategies are implemented concurrently as opposed to when they are implemented 

exclusively. Finally, the dissertation addressed an underlying set of assumptions that 

individuals who work within and outside of the transportation field have different 

perceptions of the impacts of transportation policy implementations based upon 

information about transportation,  their role (or lack thereof) in the policy making 

process, and biases about the field that are unrealistically positive or negative.  Research 

findings partially validated this assumption by revealing divergent perceptions of the 

quality of life effects of the three strategies and five scenarios.  However, both policy 

experts and road users who represented a cross-section of the general public (i.e., 

individuals who are not engaged in transportation policy development and are not 

employed in the transportation field) shared similar perceptions of the quality of life 

consequences of transportation network management strategies.  



 

144 
 

The examination began with a twenty-year review of five jurisdictions through which 

Interstate 66 to obtain base information about changes in sociodemographic changes that 

occurred between 1980 and 2000.  The review showed that the population increased, 

income levels grew, and the number of employed persons in Arlington County, Fairfax 

County, City of Fairfax, City of Falls Church and Prince William County expanded 

during the twenty-year review period.  In addition, all of the jurisdictions attracted new 

residents from: other locales within the state, different states and abroad.  Although the 

region under review is economically prosperous (as illustrated in the twenty-year analysis 

of changes in employment and income) and geographically attractive (as evidenced by 

increases in population and domestic and international migration), it is likely that these 

positive changes were not caused by but are closely associated with transportation 

network functionality.   

In addition to the abbreviated review of the five-county study area, responses to an online 

road user survey were solicited.  Three hundred seventy-nine individuals over eighteen 

years of age participated in the survey.  The sample of survey respondents largely 

consisted of individuals who are not employed in the transportation or transport related 

field; 28% of participants work in the transportation or transport related field.  However, 

the viewpoints of the respondents were consistent with those commonly espoused by 

individuals who are engaged in transportation policy making.   Responses from the road 

users were used to assess if statistically significant relationships existed among the 

independent and the dependent variables.  Twenty statistically significant relationships 

were found between four independent variables (age cohort, age group, gender and work 
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in transportation) and dependent variables associated with the quality of life measures of 

safety, personal security and socioeconomic wellbeing. The following relationships were 

identified with respect to implementation of Ramp Metering: 

· Individuals in all age cohorts disagreed (or strongly disagreed) that accidents increase 

when Ramp Metering is deployed.   

· Individuals in all age groups disagreed (or strongly disagreed) that accidents increase 

when Ramp Metering is deployed.   

· Survey respondents, regardless of gender, disagreed (or strongly disagreed) that 

implementing Ramp Metering can cause more vehicle accidents.   

· All participants, regardless of vocation, neither agreed nor disagreed that 

implementing Ramp Metering would favor commuters with longer trips.   

· Survey respondents in all vocations agreed (or strongly agreed) that implementing 

Ramp Metering improves travel time to destinations.   

· Survey participants within and outside of the transportation field agreed (or strongly 

agreed) that implementing Ramp Metering would reduce delay.   

When implementation of HOV Lanes was evaluated, the following relationships were 

identified:  

· Individuals in all age groups disagreed (or strongly disagreed) that accidents increase 

when HOV Lanes are an option.   

· Regardless of gender, survey respondents disagreed (or strongly disagreed) that 

implementing HOV Lanes can cause more vehicle accidents.   
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· Females and males agreed (or strongly agreed) that implementing HOV Lanes favors 

commuters with longer trips.   

· Survey respondents, regardless of gender, neither agreed nor disagreed that 

implementing HOV Lanes increases the number of jobs in an area.   

· Survey respondents within and outside of the transportation field agreed (or strongly 

agreed) that implementing HOV Lanes would improve travel time to destinations.   

· Regardless of their employment choice, survey participants agreed (or strongly 

agreed) that implementing HOV Lanes would reduce delay. 

· Survey respondents, regardless of vocation, neither agreed nor disagreed that 

implementing HOV Lanes can encourage people to move into the area.   

The examination of responses to questions about HOT Lane implementation revealed the 

following statistically significant relationships: 

· Survey respondents, regardless of gender, agreed (or strongly agreed) that 

implementing HOT Lanes favors commuters with longer trips.   

· Females and males agreed (or strongly agreed) that implementing HOT Lanes would 

improve travel time to destinations.   

· Regardless of gender, survey respondents agreed (or strongly agreed) that 

implementing HOT Lanes would reduce delay.   

· Survey respondents, regardless of gender, neither agreed nor disagreed that HOT 

Lanes can increase the number of jobs in an area.   

· Survey respondents, regardless of employment choice, agreed (or strongly agreed) 

that implementing HOT Lanes favors commuters with longer trips. 



 

147 
 

· Survey respondents who work within and outside of the transportation field agreed 

(or strongly agreed) that implementing HOT Lanes would improve travel time to 

destinations.   

· Survey respondents, in spite of their occupation choice, agreed (or strongly agreed) 

that implementing HOT Lanes would reduce delay. 

In addition to the data that were used for the statistical analysis, survey responses 

indicated that participants were receptive to the idea of allowing alternative fuel vehicles 

(with single occupants) to use portions of the facility designated for High Occupancy 

Vehicles.  These findings suggested public support and could inform decisions (to be 

made by the Commonwealth of Virginia and the Federal Highway Administration) about 

enacting legislation that permits hybrid vehicles to use otherwise restricted highway 

lanes.   Survey participants indicated a willingness to pay for premium service (HOT 

Lanes) and perceived this to be a fair alternative to alleviate traffic congestion in the area.  

A plot of residential and work/school zip codes also illustrated that many individuals 

within the sample are willing to drive long distances between their origins and 

destinations.   This finding is somewhat inconsistent with central tenets of transportation 

planning and land use philosophies that advocate commingling commercial and 

residential facilities and uses.  This outcome may indicate that the option to live farther 

away from places of employment is perceived as contributing to a better quality of life.  

The final analytical element was the review of ratings of the quality of life implications 

of exclusive implementation of Ramp Metering, HOV Lanes and HOT Lanes and 

concurrent implementation of Ramp Metering with HOV Lanes and HOT Lanes.  As 
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previously stated, the concurrent intervention scenarios represented a novel approach to 

strategy evaluation; empirical data on this type of evaluation does not appear to exist.  A 

diverse group of experts who are recognized for their work in transportation in four areas 

– Academia, Government Administration, Operations and Private Consultation – were 

asked to rate the benefits and costs of the scenarios by performing a Planning Balance 

Sheet Assessment.  The Assessment revealed that the experts not only perceived that 

exclusive implementation of Ramp Metering, HOV Lanes and HOT Lanes are beneficial 

to safety, personal security and socioeconomic wellbeing, but they also perceived that 

broader benefits accrue to road users when strategies are implemented concurrently.  

Future Research 

Future research should explore if one strategy is easier to implement and/or more 

desirable politically, economically, and socially, and should explore if it is possible to 

achieve the same objectives (increased speed, improved flow, restrictions on lane/facility 

use during peak periods – congestion reduction) regardless of the strategy that is 

undertaken.  This analysis would entail in-depth reviews of the unique characteristics of 

the regions or areas in which the particular strategies are proposed for implementation.  

Clearly, the ability to effectively implement a particular strategy in one region will not 

automatically translate into successful deployments in another.  Research into the 

preconditions for and/or contributing factors to successful strategy deployment would be 

invaluable information for policy makers.  Future research could also examine changes in 

specific employment sectors to ascertain which sectors were catalysts for job growth. 

This information could aid in assessing if and to what extent these sectoral changes 
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affected transportation system operations and/or transportation policy decisions and 

interventions. 

The causal versus correlative connection between transportation and elements of quality 

of life could also be examined as well as the body of literature and emerging research into 

how different activity patterns (women vs. men, household members with different types 

of jobs and household responsibilities) should be accounted for in policy decisions.   

The road user survey could be reissued to obtain a more heterogeneous sample.  Focus 

groups and other networks of individuals could be contacted to determine if there are 

similarities or differences of opinions among individuals who work inside and outside of 

the transportation field.  The new sample could also be used to validate travel trends of 

baby boomers and to assess if there are verifiable women’s transportation issues that are 

quantifiably different from their male counterparts. 

In addition, findings that were obtained from the Planning Balance Sheet Assessment 

revealed instances in which policy experts provided contradictory ratings about the 

quality of life effects of the three strategies.  It has been argued that these contradictions 

may have been associated with different perceptions/definitions of congestion and its root 

causes.  Future research could explore if there would be greater convergence in strategy 

ratings if additional explanations/definitions of congestion were provided. 

From an analytical perspective, future inquiries into the socioeconomic effects of 

transportation policies could employ alternative statistical methods.  Hauer (1983 and 

2004) argues that null hypothesis significance testing (particularly with respect to 

evaluating strategies to improve safety) has,  
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“led to conclusions which are incorrect and contrary to a straightforward 

interpretation of the data.” 

The author also argues that significance testing does not build upon or incorporate 

knowledge that has been gained through an iterative and cumulative research process.  In 

addition, Hauer (1983) further argues that null hypothesis significance testing is based 

upon an arbitrary specification of no association between independent and dependent 

variables; an unrealistic assumption (i.e., more likely than not there is some association 

between the variables, even if it is very small).  He author concludes that three methods, 

point estimation, the likelihood methods and Bayesian probability, are viable analytical 

alternatives.  Research that employs any or all of these methods could be undertaken. 

Final Thoughts 

Individuals, households and purveyors of goods and services depend on transportation 

decision makers to provide a network within which they can achieve their travel 

objectives.  The notion of individual freedom, the lifestyle and travel characteristics of 

the baby boom generation, and the unique needs of working women and female drivers 

individually and collectively impose combined and competing demands upon the 

transportation system.  Prevailing research indicates that traffic congestion will continue 

to increase, and policy makers are challenged to mitigate congestion using strategies that 

impact transportation system supply and demand.  Insights gained from disparate 

analytical methods and will help policy makers to fulfill their mission of implementing 

strategies to improve network efficiency.   In addition, the incorporation of information 

about the potential pitfalls of policy interventions as perceived by individuals outside of 
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the policy making process will allow policy makers to demonstrate sensitivity to the 

quality of life needs of the transportation stakeholders. 
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Appendix 1a:  Approval Document – Office of Research Compliance 
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Appendix 1b: Road User Survey Instrument  

Transportation Policies and Quality of Life:  An Analysis of the Socioeconomic Effects of Implementing 
Ramp Metering, HOV Lanes and HOT Lanes in an Urban Transportation Network 
 
This survey involves research about how transportation policy affects quality of life.  If you commute using 
Interstate 66 in Northern Virginia or if you have an interest in traffic conditions on this route, your thoughts 
about the socioeconomic effects of implementing Ramp Metering, High Occupancy Vehicle (HOV) Lanes 
and High Occupancy Toll (HOT) Lanes are desired.    
 
Your participation in this survey is voluntary and you may discontinue your participation at any time.   
Your identity will remain anonymous and all responses that you provide will be kept confidential.  While it 
is understood that no computer transmission can be perfectly secure, reasonable efforts will be made to 
protect the confidentiality of your transmission.  
 
Thank you for participating! 
 

1. What is your jurisdiction of residence? 
□     City of Fairfax 
□     City of Falls Church 
□     Fairfax County 
□     Prince William County 
□     Other  
 
2. Are you? 

□     Male 
□     Female 

 
3. Which category best describes your age? 

□     18-24 
□     25-34 
□     35-44 
□     45-54 
□     55-64 
□     65 or older 
 

4. What is the zip code of your place of residence?      _______________ 

5. What is the zip code of your place of work or school that you commute to most often during the week?      
_______________   

 
6. Does your commute take place at approximately (within 30 minutes) the same time every weekday, or 

does it vary by time? 
□     My commute takes place at approximately the same time every weekday. 
□     My commute time varies from day to day. 
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7. At approximately what time does your morning commute begin? 
□     Before 6:00 AM 
□     Between 6:00 AM – 7:00 AM 
□     Between 7:00 AM – 8:00 AM 
□     After 8:00 AM 
 
8. On an average day, approximately how long (in minutes) does your commute take?      

_______________  Minutes 
 
9. In which direction on Interstate 66 does your commute take you? 
□    Eastbound (toward the District of Columbia) 
□    Westbound (toward Manassas) 
 
10. Do you work in the transportation field? 
□    Yes 
□    No 
 
Ramp Metering involves using traffic signals at the edge of freeway ramps to allow vehicles to merge onto 
the freeway.  There may be more than one ramp lane and the number of seconds that drivers see a green 
light to allow them to merge can vary.  The overall goal of ramp metering is to allow vehicles on the ramp 
to merge easily into gaps in freeway traffic.  In the questions that follow, please indicate your opinion about 
Ramp Metering.                                                                                                   
 
11. Ramp Metering:  (Answers are rated as Strongly Agree, Agree, Neither Agree nor Disagree, Disagree, 

Strongly Disagree and Not Applicable) 
 
  

      Improves travel time to destinations  
      Reduces delay  
      Favors commuters with longer trips  
      Can cause more vehicle accidents  
      Increases the number of jobs in an area   
      Can encourage people to move into an area   
 
 
There are many physical features and traffic conditions that can influence the implementation of Ramp 
Metering on highways.  In the questions that follow, please indicate how these physical features and traffic 
conditions can influence implementing Ramp Metering.   
 
12. Of the physical features and traffic conditions listed below, how much of a problem do you believe 

they pose to implementing Ramp Metering:  (Answers are rated as Serious Problem, Minor Problem, 
Not a Problem and Unsure.) 

   

    Number of freeway lanes   
    Location where vehicles wait to enter the freeway   
    Speed of freeway traffic    
    Number of vehicles on freeway    
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    Number of vehicles waiting to enter the freeway   
    Number of trucks that use the freeway  

 
 

 
High Occupancy Vehicle (HOV) Lanes allow vehicles with two, three or more passengers to use certain 
highway lanes that vehicles with one person cannot use.  These special lanes may or may not be separated 
from the other lanes by barriers.  The goal of HOV Lanes is to reduce vehicle pollution by promoting 
carpooling or public transportation use (such as trains or buses).  In the questions that follow, please 
indicate your opinion about HOV Lanes. 
 
 
13. HOV Lanes:  (Answers are rated as Strongly Agree, Agree, Neither Agree nor Disagree, Disagree, 

Strongly Disagree or Not Applicable) 
 

     Improve travel time to destinations 
     Reduce delay 
     Favor commuters with longer trips 
     Can cause more vehicle accidents 
     Increase the number of jobs in an area  
     Encourage people to move into an area 
     Should be used by single drivers only if they 

drive hybrid                    (gas/electric) cars 
 
Sometimes vehicles with a single occupant are allowed to use HOV Lanes if they are willing to pay a toll.  
When HOV Lanes allow single occupant vehicles, they are called High Occupancy Toll (HOT) Lanes.  The 
toll amount may be pre-set or it may vary based on the level of traffic congestion in the HOT Lane.  Two of 
the goals of HOT Lanes are to generate funds to build roads and to allow single drivers to choose to pay for 
better travel time.  In the questions that follow, please indicate your opinion about HOT Lanes. 
 
14. Should HOT Lanes be considered for Interstate 66?   
□    Yes 
□    No 
 
15. Would you personally use HOT Lanes if they were created on Interstate 66?   
□    Yes 
□    No 
 
16. Are HOT Lanes are a fair alternative to help alleviate some of the traffic problems in the area?   
□    Yes 
□    No 
 
17. HOT Lanes:  (Answers are rated as Strongly Agree, Agree, Neither Agree nor Disagree, Disagree, 

Strongly Disagree or Not Applicable.) 
 
 
 
 
 
 
 
 
 

     Would improve travel time to destinations     
     Would reduce delay     
     Would favor commuters with longer trips     
     Can cause more vehicle accidents     
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     Would increase the number of jobs in an area      
     Would encourage people to move into an area     
 

Thank you for participating in this survey.  Your responses are important to us! 
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Appendix 2: Chi-Squared Analysis – Expected and Observed Frequencies 

 

Contingency tables are developed to assess dependence between categorical variables.  

The tables display frequencies or the number of observations (i.e., responses to survey 

questions).  The expected or theoretical frequency, fe, for a cell: 

· equals the product of the row and column totals for that cell, divided by the total 

sample size;   

· corresponds to an observed frequency that is computed subject to the null hypothesis 

(no direct effect or association between the variables); and   

· corresponds to rules of probability (Spiegel 1999 and Miller 1999). 

The Chi square (χ2) statistic is calculated to assess if there is agreement between the 

expected and observed frequencies. The equation for calculating χ2 is given as, 

 
where fo represents observed frequencies and fe represents expected frequencies.  

 

The sampling distribution of the χ2 test statistic is used to convert the χ2 test statistic to a 

P-value.  The distribution indicates how large the χ2 has to be before strong evidence 

exists that the null hypothesis is false.  The larger the χ2 value, the stronger the evidence 

against the null hypothesis of independence (Agresti and Finlay 1997).  If χ2 = 0, the 

observed and expected (theoretical) frequencies exactly agree; the two variables are 

independent.  When the calculated χ2 is greater than a critical value (based upon degrees 
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of freedom and significance level), the conclusion is that the observed frequencies differ 

from the expected frequencies and the null hypothesis of no association is rejected.   
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Appendix 3: PBSA Discussion of Findings by Expert Category and Objective 

 

Expert Category Ratings 

Ratings by expert category are discussed by implementation scenario and shown in a 

table .  The examination begins with Academic experts and, proceeds to Government 

Administrators and Operations Professionals and concludes with the ratings provided by 

Private Transportation Consultants.  Concluding remarks focus upon notable differences 

among the ratings that were provided by the transportation specialists and the 

implications this has if any for interpreting the ratings of the scenarios.    

Academics 

Scenario 1 – Exclusive Implementation of Ramp Metering 

 Academics provided low ratings for exclusive implementation of Ramp Metering with 

this scenario being given an overall rating 1.5.  The experts perceived that this scenario 

would achieve two objectives; improvements in safety and enhanced personal security.  

A single sub-attribute for the safety objective (increases travel speeds) received a rating 

of 2.8; however the rating for reductions in vehicle accidents when Ramp Metering is 

implemented exclusively was only 1.8.  With respect to personal security, the experts 

perceived that the scenario increases accessibility via reductions in travel time to 

destinations and reductions in delay; both sub-attributes received a rating of 2.2.  Experts 

did not perceive that exclusive implementation of Ramp Metering would increase 

employment or migration into the area.  The specialists provided ratings of zero or near 

zero (0.2) for each of these sub-attributes of the socioeconomic wellbeing objective.   
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Scenario 2 – Exclusive Implementation of HOV Lanes 

The scenario received an overall rating of 1.8, and as was the case with exclusive 

implementation of Ramp Metering, the experts perceived a similar but stronger 

connection between the scenario and the safety sub-attribute of increases in travel speeds 

(rating of 3.2).  The experts perceived that exclusive implementation of HOV Lanes 

would result in reductions in travel time (rating of 3.2) and reductions in delay (3.0).  

However, the idea that vehicle accidents would be reduced when HOV are implemented 

exclusively received a positive rating less than 1 (0.8).  Academics perceived that 

socioeconomic wellbeing would be impacted to a limited extent under this scenario.  

Specifically, ratings of 0.2 and 0.6, respectively, were given to the measures of increases 

in employment and encouragement of migration into the area.  

Scenario 3 – Exclusive Implementation of HOT Lanes 

The scenario received an overall rating of 1.6, and the higher expert ratings for exclusive 

implementation of HOT Lanes were associated with measures of personal security.  

Participants perceived that exclusive implementation of this scenario would result in 

reductions in delay (rating of 3.0) and travel time to destinations (rating of 2.6).  The 

safety benefit of the scenario with respect to reductions in vehicle accidents received a 

very low positive score of 0.4.  Conversely, the notion that adoption of the scenario 

would improve safety via increases in travel speeds was rated at 3.0.  The experts 

perceived that exclusively implementing HOT Lanes would have minimal effects on 

socioeconomic wellbeing.  The potential for increases in employment was rated as 0.2, 
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and the notion that embracing this scenario would encourage migration into the area was 

rated at 0.6.    

Scenario 4 – Concurrent Implementation of Ramp Metering and HOV Lanes 

The scenario received an overall rating of 2.0 and experts perceived concurrent 

implementation of Ramp Metering and HOV Lanes as a means of enhancing personal 

security.  Ratings of 3.2 and 2.8 were given to the sub-attributes of reductions in delay 

and travel time to destinations, correspondingly.  Sub-attributes associated with safety, 

reductions in vehicle accidents and increases in travel speeds, were also rated favorably 

(2.0 and 3.2).  However, as was the case with ratings for all of the previous scenarios, 

Academics did not identify a strong connected between concurrent implementation of 

Ramp Metering and HOV Lanes and improvements in socioeconomic wellbeing.  The 

policy specialists provided a rating of 0.2 for the sub-attribute associated with 

employment increases and a rating of 0.6 was provided for the sub-attribute that 

addresses encouragement of migration into the area. 

Scenario 5 – Concurrent Implementation of Ramp Metering and HOT Lanes 

The simultaneous implementation of Ramp Metering and HOT Lanes received an overall 

rating of 2.0.   Policy experts rated this approach as being most conducive to 

improvements in personal security and to one sub-attribute of the safety objective.  

Academics perceived that this scenario would result in reductions in travel time (rating of 

3.4) and delay (rating of 3.0).  The experts also expressed the opinion that travel speeds 

would increase (rating of 3.2) and that reductions in vehicle accidents would occur (rating 

of 1.6).  Academics perceived that minimal socioeconomic benefits would accrue when 
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the scenario is implemented; ratings of 0.2 and 0.6 were given to the sub-attributes 

related to increases in employment and migration into the area. 

General Observations 

Ratings of socioeconomic wellbeing were the lowest among the three objectives of 

safety, personal security and socioeconomic wellbeing.   Only a single scenario received 

a moderate rating (i.e., concurrent implementation of Ramp Metering and HOV Lanes 

received was rated at 2.0), and experts perceived that this particular benefit would 

decrease slightly when Ramp Metering and HOT Lanes are implemented simultaneously 

(rating of 1.6).  Academics provided higher ratings to the sub-attributes of the personal 

security objective (i.e., travel speed, travel time to destinations and delay) across all five 

scenarios.  The value of improvements in the three areas cannot be and ultimately was not 

underestimated.       
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Table A2.1. Compilation of PBSA Responses by Area of Expertise (Academics) 

 
Planning Balance Sheet 
Assessment – Academics 

Scenario 
1 

Scenario 
2 

Scenario 
3 

Scenario 
4 

Scenario 
5 

 Ramp 
Metering 

HOV 
Lanes 

HOT 
Lanes 

Ramp 
Metering 
and HOV 
Lanes 

Ramp 
Metering 
and HOT 
Lanes 

Safety      

Reduces Vehicle 
Accidents 

1.8 0.8 0.4 2.0 1.6 

Increases Travel 
Speeds 

2.8 3.2 3.0 3.2 3.2 

Personal Security      

Improves 
Accessibility/Reduces 
Travel Time 

2.2 3.2 2.6 2.8 3.0 

Reduces Delay 2.2 3.0 3.0 3.2 3.4 

Socioeconomic Wellbeing      

Increases 
Employment 

0 0.2 0.2 0.2 0.2 

Encourages 
Migration into the 
Area 

0.2 0.6 0.6 0.6 0.6 

 

 

Government Administrators  

Scenario 1 – Exclusive Implementation of Ramp Metering 

Government Administrators viewed exclusive implementation of Ramp Metering as 

beneficial; the scenario received an overall rating 2.6.  The experts perceived that this 

scenario would achieve two objectives; improvements in safety and enhanced personal 
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security.  All four sub-attributes for the safety and personal security objectives received 

ratings of near 3.0 or higher.  The rating for reductions in vehicle accidents when Ramp 

Metering is implemented exclusively was 3.6, and Government Administrators regarded 

the scenario as an effective means of increasing travel speeds (a rating of 4.0 was given).  

In the area of personal security, ratings of 3.0 and 3.2 were provided for improvements in 

travel time to destinations and reductions in delay, respectively.  Experts perceived that 

exclusive implementation of Ramp Metering would impact socioeconomic wellbeing in a 

small way.  The specialists provided a rating of 1.2 for increases in employment and a 

rating of 0.6 for migration into the area.   

Scenario 2 – Exclusive Implementation of HOV Lanes 

The scenario received an overall rating of 2.4, and Government Administrators perceived 

a strong connection between exclusive implementation of HOV Lanes and personal 

security.  The two personal security sub-attributes, improvement in accessibility via a 

reduction in travel time and reduction in delay, received ratings of 3.4 and 3.2, 

respectively.  Exclusive implementation of HOV Lanes was linked to safety with respect 

to increases in travel speed (a rating of 3.4 was given) but the idea that vehicle accidents 

would be reduced received a lower positive rating of 1.0.  Government Administrators 

linked exclusive implementation of HOV Lanes with socioeconomic wellbeing in a 

positive way.  Scores of 2.0 and 1.2, respectively, were given to the measures of increases 

in employment and encouragement of migration into the area.  
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Scenario 3 – Exclusive Implementation of HOT Lanes 

The scenario received an overall rating of 3.0, and aside from the rating for increases in 

travel speed (a sub-attribute of the safety objective), the highest expert ratings for 

exclusive implementation of HOT Lanes were associated with measures of personal 

security.  Government Administrators perceived that implementation of this scenario 

would reduce travel time to destinations (rating of 4.0) and decrease delay (rating of 3.8).  

The safety benefit of the scenario with respect to reductions in vehicle accidents received 

a lower positive score of 1.8.  As previously stated, the notion that adoption of the 

scenario would improve safety via increases in travel speeds received the highest rating 

of 4.2.  Government Administrators perceived that exclusively implementing HOT Lanes 

would have a positive effect on socioeconomic wellbeing.  The potential for increases in 

employment was rated as 2.2, and the notion that embracing this scenario would 

encourage migration into the area was rated at 2.2.    

Scenario 4 – Concurrent Implementation of Ramp Metering and HOV Lanes 

The scenario received an overall rating of 2.7 and Government Administrators perceived 

concurrent implementation of Ramp Metering and HOV Lanes as a means of enhancing 

personal security.  Ratings of 3.6 and 3.4 were given to the sub-attribute of reductions in 

travel time and delay, correspondingly.  The safety sub-attribute, reductions in vehicle 

accidents was also rated favorably (2.4) and the other measure of safety, increases in 

travel speeds received the highest of all scenario ratings (4.0).  Government 

Administrators connected this scenario with marginally positive improvements in 

socioeconomic wellbeing.  The policy specialists indicated that this scenario would 
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increase employment to some extent (rating of 1.8) and would encourage migration into 

the area (rating of 1.2). 

Scenario 5 – Concurrent Implementation of Ramp Metering and HOT Lanes 

The simultaneous implementation of Ramp Metering and HOT Lanes received the 

highest overall rating (3.3) when compared to the other four scenarios.   As with the other 

scenarios, Government Administrators rated this approach as being most conducive to 

improvements in personal security, although the rating for increases in travel time 

received the absolute highest rating (4.4).  The policy specialists perceived that this 

scenario would result in reductions in travel time and delay; both sub-attributes received 

a rating of 3.8.  Government Administrators also expressed the opinion that reductions in 

vehicle accidents would occur (3.2).  The experts perceived that moderate positive 

socioeconomic benefits would accrue when the scenario is implemented; ratings of 2.4 

and 2.2 were given to the sub-attributes for socioeconomic wellbeing, increases in 

employment and migration into the area. 

General Observations 

Regardless of the scenario, Government Administrators consistently provided very high 

ratings to the sub-attributes of the personal security objective (reductions in travel time to 

destinations and delay) and one of the safety objectives (increases in travel speeds).  

Government Administrators also perceived a link between implementation of the 

strategies and improvements in socioeconomic wellbeing, i.e., increases in employment 

and migration into the area.  Whereas Academics appeared to perceive that a benefit 

progression exists among the scenarios (progressively higher ratings were given as the 
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scenarios changed from exclusive implementation of Ramp Metering to concurrent 

implementation of Ramp Metering and HOT Lanes), Government Administrators seemed 

to view all scenarios as equivalent, although implementation of HOT Lanes, exclusively 

or with Ramp Metering, was viewed most favorably by this category of experts.  The 

preeminence of the scenarios that involve HOT Lanes may indicate that these individuals 

(some of whom are elected officials) are influenced by the expectations and opinions of 

the general public (i.e., HOT Lane installation/construction projects have garnered public 

approval within the study area) or may signify that these experts are receptive to 

alternatives that will assuage unpleasant and ever-present political realities (e.g., 

transportation funding shortfalls, the need to offset funding deficiencies with revenue-

generating traffic management alternatives). 
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Table A2.2. Compilation of PBSA Responses by Area of 
Expertise (Government Administrators) 

 
Planning Balance Sheet 
Assessment – Government 
Administrators 

Scenario 
1 

Scenario 
2 

Scenario 
3 

Scenario 
4 

Scenario 
5 

 Ramp 
Metering 

HOV 
Lanes 

HOT 
Lanes 

Ramp 
Metering 
and HOV 
Lanes 

Ramp 
Metering 
and HOT 
Lanes 

Safety      

Reduces Vehicle 
Accidents 

3.6 1.0 1.8 2.4 3.2 

Increases Travel 
Speeds 

4.0 3.4 4.2 4.0 4.4 

Personal Security      

Improves 
Accessibility/Reduces 
Travel Time 

3.0 3.4 4.0 3.6 3.8 

Reduces Delay 3.2 3.2 3.8 3.4 3.8 

Socioeconomic Wellbeing      

Increases 
Employment 

1.2 2.0 2.2 1.8 2.4 

Encourages 
Migration into the 
Area 

0.6 1.2 2.2 1.2 2.2 

 

 

Operations Professionals 

Operations Professionals provided a rating of 2.3 to exclusive implementation of Ramp 

Metering.  The experts perceived that this scenario would produce improvements in 

safety and would enhance personal security.  All four sub-attributes of the safety and 

personal security objectives received ratings of approximately 3.0.  Specifically, the 
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rating for reductions in vehicle accidents when Ramp Metering is implemented 

exclusively was 3.2.  With respect to the other safety sub-attribute, increases in travel 

speeds, a rating of 2.8 was provided.  In the area of personal security, ratings of 3.2 and 

3.0 were provided for reductions in travel time to destinations and reductions in delay, 

respectively.  Operations Professionals did not perceive that exclusive implementation of 

Ramp Metering would produce substantial socioeconomic impacts – increases in 

employment or migration into the area.  The specialists provided a rating of less than 1 

(0.6 and 0.8) for each of these impacts.   

Scenario 2 – Exclusive Implementation of HOV Lanes 

The scenario received an overall rating of 2.5, and whereas the potential for improving 

safety and personal security were given equivalent ratings when Ramp Metering is 

implemented exclusively, Operations Professionals perceived a much stronger connection 

between exclusive implementation of HOV Lanes and personal security.  The two sub-

attributes that are designated as indicators of personal security – improvement in 

accessibility via reductions in travel time and reductions in delay – received ratings of 3.6 

and 3.4, respectively.  Exclusive implementation of HOV Lanes was perceived as having 

a positive safety impact with respect to increases in travel speeds (a rating of 3.2 was 

given) but the idea that vehicle accidents would decrease under this scenario received a 

relatively low positive rating of 1.6.  Operations Professionals linked exclusive 

implementation of HOV Lanes with socioeconomic wellbeing in a positive way.  Scores 

of 1.6 and 1.8, respectively, were given to the measures of increases in employment and 

encouragement of migration into the area.  
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Scenario 3 – Exclusive Implementation of HOT Lanes 

The scenario received an overall rating of 2.7, and the highest expert ratings for exclusive 

implementation of HOT Lanes were associated with measures of personal security.  

Operations Professionals perceived that exclusive implementation of this scenario would 

result in reductions in travel time (rating of 3.8) and reductions in delay (rating of 4.0).  

The safety benefit of the scenario with respect to reductions in vehicle accidents received 

a low positive score of 1.0.  Conversely, the notion that adoption of the scenario would 

improve safety via increases in travel speeds was rated at 3.6.  Operations Professionals 

perceived that exclusively implementing HOT Lanes would have small positive effects 

on socioeconomic wellbeing.  The potential for increases in employment and the notion 

that embracing this scenario would encourage migration into the area were both rated at 

1.8.    

Scenario 4 – Concurrent Implementation of Ramp Metering and HOV Lanes 

The scenario received an overall rating of 2.8 and experts perceived concurrent 

implementation of Ramp Metering and HOV Lanes as a means of enhancing personal 

security.  Ratings of 4.0 and 3.6 were given to the sub-attributes of reductions in travel 

time and delay, correspondingly.  Sub-attributes associated with safety, reductions in 

vehicle accidents and increases in travel speeds, were also rated favorably (3.0 and 3.2).  

In addition, Operations Professionals connected this scenario with improvements in 

socioeconomic wellbeing.  The policy specialists indicated that this scenario would 

increase employment to some extent (rating of 1.6) and would encourage migration into 

the area (rating of 1.2). 
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Scenario 5 – Concurrent Implementation of Ramp Metering and HOT Lanes 

Operations Professionals provided the highest overall rating of scenarios (2.9) to 

simultaneous implementation of Ramp Metering and HOT Lanes.   Policy experts rated 

this approach as being most conducive to improvements in personal security.  Operations 

Professionals perceived that this scenario would result in reductions in travel time (4.2) 

and delay (3.8).  The experts also expressed the opinion that travel speeds would increase 

(rating of 3.8) and that reductions in vehicle accidents would occur (rating of 2.2).  

Operations Professionals perceived that socioeconomic benefits would accrue when the 

scenario is implemented; ratings of 2.0 and 1.4 were given to the sub-attributes related to 

increases in employment and migration into the area. 

General Observations 

As was the case with Academics, Operations Professionals appeared to perceive the 

existence of a benefit progression among the scenarios.  Overall ratings progressively 

increased as the scenarios changed from exclusive implementation of Ramp Metering to 

concurrent implementation of Ramp Metering and HOT Lanes.  Operations Professionals 

perceived that all scenarios would most significantly impact personal security and safety 

with respect to increases in travel speeds.  Interestingly, the experts were inconsistent in 

their rating of the safety objective associated with vehicle accidents.  Specifically, the 

safety benefit of accident reduction was believed to be almost twice as high when HOV 

Lanes are concurrently implemented with Ramp Metering as opposed to when HOV are 

implemented exclusively.  Conversely, exclusive implementation of HOT Lanes was 

perceived to have less of an impact on accident reduction than when HOT Lanes are 
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simultaneously implemented with Ramp Metering.  This contrast in ratings for exclusive 

and concurrent implementation of Ramp Metering with HOV Lanes and HOT Lanes may 

be associated with traffic volumes.  Although Ramp Metering controls the rate at which 

vehicles can enter the freeway, there are arguably more vehicles on the roadway when 

HOT Lanes are operational (i.e., single occupant vehicles paying to use otherwise 

restricted lanes) than when HOV Lanes are in use (i.e., fewer vehicles with more 

occupants).  If this assertion is correct, the potential safety benefit objective associated 

with reductions in vehicle accidents would conceivably be lower from an Operations 

perspective.  
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Table A2.3. Compilation of PBSA Responses by Area of Expertise  
(Operations Professionals) 

 
Planning Balance Sheet 
Assessment – Operations 

Scenario 
1 

Scenario 
2 

Scenario 
3 

Scenario 
4 

Scenario 
5 

 Ramp 
Metering 

HOV 
Lanes 

HOT 
Lanes 

Ramp 
Metering 
and HOV 
Lanes 

Ramp 
Metering 
and HOT 
Lanes 

Safety      

Reduces Vehicle 
Accidents 

3.2 1.6 1.0 3.0 2.2 

Increases Travel 
Speeds 

2.8 3.2 3.6 3.2 3.8 

Personal Security      

Improves 
Accessibility/Reduces 
Travel Time 

3.2 3.6 3.8 4.0 4.2 

Reduces Delay 3.0 3.4 4.0 3.6 3.8 

Socioeconomic Wellbeing      

Increases 
Employment 

0.6 1.6 1.8 1.6 2.0 

Encourages 
Migration into the 
Area 

0.8 1.8 1.8 1.2 1.4 

 

 

Private Transportation Consultants 

Scenario 1 – Exclusive Implementation of Ramp Metering  

Private Transportation Consultants provided a 1.9 rating for exclusive implementation of 

Ramp Metering.  The experts perceived that this scenario would be most effective at 

reducing vehicle accidents; a rating of 3.2 was provided for this safety sub-attribute.  The 
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experts perceived that personal security benefits would accrue when the scenario is 

implemented.  Ratings of 2.8 and 2.2 were provided for reductions in travel time to 

destinations and reductions in delay, respectively.  Private Consultants perceived that the 

exclusive implementation of Ramp Metering would increase travel speeds, a rating of 2.0 

was provided.  However, the experts did not perceive that exclusive implementation of 

Ramp Metering would impact socioeconomic wellbeing via increases in employment or 

migration into the area.  The aforementioned sub-attributes were rated at less than 1 (0.6).   

Scenario 2 – Exclusive Implementation of HOV Lanes 

The scenario received an overall rating of 2.6, and Private Consultants perceived a strong 

connection between exclusive implementation of HOV Lanes and personal security.  The 

two personal security sub-attributes, improvement in accessibility via reductions in travel 

time and reductions in delay, received ratings of 3.6 and 3.4, respectively.  Exclusive 

implementation of HOV Lanes was perceived as having a positive safety impact with 

respect to increases in travel speed (a rating of 3.6 was given), and the idea that vehicle 

accidents would be reduced received a rating of 2.0.  The experts linked exclusive 

implementation of HOV Lanes with socioeconomic wellbeing.  The sub-attributes of 

increases in employment and encouragement of migration into the area were both rated at 

1.6.  

Scenario 3 – Exclusive Implementation of HOT Lanes 

Private Transportation Consultants rated exclusive implementation of HOT Lanes at 2.9 

overall.  The experts perceived that the scenario would significantly impact personal 

security.  Ratings for the sub-attributes of reductions in travel time and reductions in 
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delay were both 4.0.   The safety benefit of the scenario with respect to reductions in 

vehicle accidents received a rating of 1.8.  Conversely, the notion that adoption of the 

scenario would improve safety via increases in travel speeds was rated at 3.6.  The 

experts perceived that exclusively implementing HOT Lanes would affect socioeconomic 

wellbeing.  The potential for increases in employment was rated as 2.0, and the notion 

that embracing this scenario would encourage migration into the area was rated at 2.2.    

Scenario 4 – Concurrent Implementation of Ramp Metering and HOV Lanes 

The scenario received an overall rating of 3.2, and Private Transportation Consultants 

perceived concurrent implementation of Ramp Metering and HOV Lanes as a means of 

enhancing safety and personal security.  Ratings of 3.8 and 3.4 were given to the safety 

sub-attributes of reductions in vehicle accidents and increases in travel speeds, 

respectively.  The personal security sub-attributes of increases in accessibility via 

reductions in travel time to destinations and reductions in delay were also rated favorably 

(3.8 and 3.4).  In addition, experts connected this scenario with improvements in 

socioeconomic wellbeing.  Private Consultants indicated that this scenario would increase 

employment (rating of 2.4) and would encourage migration into the area (rating of 2.6). 

Scenario 5 – Concurrent Implementation of Ramp Metering and HOT Lanes 

The simultaneous implementation of Ramp Metering and HOT Lanes received the 

highest overall rating among all scenarios (3.4).   Private Transportation Consultants 

rated this approach as being conducive to improvements in safety and personal security.  

The policy specialists perceived that this scenario would contribute to reductions in 

vehicle accidents (rating of 3.8) and increases in travel speeds (rating of 3.8).  The 
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experts indicated that travel time to destinations would be reduced (rating of 4.2) and 

perceived that the scenario would reduce delay (rating of 3.8).  Private Consultants 

perceived that benefits to socioeconomic wellbeing would accrue when the scenario is 

implemented; ratings of 2.4 and 2.2 were given to the sub-attributes related to increases 

in employment and migration into the area, respectively. 

General Observations 

Private Transportation Consultants appeared to perceive a benefit progression among the 

scenarios. Ratings progressively increased as scenarios changed from exclusive 

implementation of Ramp Metering to concurrent implementation of Ramp Metering and 

HOT Lanes.  The experts perceived that all scenarios contributed to socioeconomic 

wellbeing and they provided very high and nearly equivalent overall ratings to concurrent 

implementation of Ramp Metering and HOV Lanes and Ramp Metering and HOT Lanes. 

The favorable review of scenarios, especially as it relates to the personal security 

objective, may be associated with the unique role that this category of experts plays in 

transportation policy implementation.  Particularly, experts in this field are often sought 

out to explore alternatives.  At the same time, the experts are frequently called upon to 

directly assist with or engage in the implementation of alternatives.  Considering this, the 

ratings may illustrate the dual role of these experts and may support the notion that 

Private Transportation Consultants must possess high-level views of transportation 

alternatives and a detailed understanding of policy outcomes. 
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Table A2.4. Compilation of PBSA Responses by Area of Expertise (Private Consultation) 

Planning Balance Sheet 
Assessment – Private 
Consultation 

Scenario 
1 

Scenario 
2 

Scenario 
3 

Scenario 
4 

Scenario 
5 

 Ramp 
Metering 

HOV 
Lanes 

HOT 
Lanes 

Ramp 
Metering 
and HOV 
Lanes 

Ramp 
Metering 
and HOT 
Lanes 

Safety      

Reduces Vehicle 
Accidents 

3.2 2.0 1.8 3.8 3.8 

Increases Travel 
Speeds 

2.0 3.6 3.6 3.4 3.8 

Personal Security      

Improves 
Accessibility/Reduces 
Travel Time 

2.8 3.6 4.0 3.8 4.2 

Reduces Delay 2.2 3.4 4.0 3.4 3.8 

Socioeconomic Wellbeing      

Increases 
Employment 

0.6 1.6 2.0 2.4 2.4 

Encourages 
Migration into the 
Area 

0.6 1.6 2.2 2.6 2.2 

 
 

 

Ratings of Three Objectives  

The discussion of ratings by each of the three objectives (safety, personal security and 

socioeconomic wellbeing) and the sub-attributes of each objective are discussed. This 

information is followed by general observations about the ratings that were derived from 

this review.   
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Safety 

The two sub-attributes for the safety objective are reductions in vehicle accidents and 

increases in travel speeds.  The experts provided an overall rating of 2.2 for the former 

safety sub-attribute and 3.4 for the latter.  The experts perceived that three scenarios 

would be equally conducive to reducing vehicle accidents; all ratings were approximately 

3.0.  All scenarios incorporated Ramp Metering, whether the policy intervention was 

undertaken exclusively or concurrently with HOV Lanes and HOT Lanes.  Interestingly, 

exclusive implementation of HOV Lanes or HOT Lanes were not regarded very highly as 

it relates to reducing vehicle accidents; the scenarios received ratings of 1.4 and 1.3, 

respectively.  Whereas Ramp Metering received the highest rating when vehicle accident 

reduction was evaluated, the scenario received the lowest rating (2.9) for the safety sub-

attribute of increases in travel speeds.  Overall, the sub-attribute regarding increases in 

travel speeds received a rating of 3.4, and scenarios involving HOT Lanes appeared to 

exert the greatest influence on ratings.  Specifically, experts rated exclusive 

implementation of HOT Lanes at 3.6 and concurrent implementation of Ramp Metering 

and HOT Lanes at 3.8.  Implementation of HOV Lanes, either exclusively or 

concurrently with Ramp Metering, also received high ratings; the scenarios were rated at 

3.3 and 3.5, respectively. 

Personal Security 

There are two sub-attributes for the personal security objective, increases in accessibility 

via reductions in travel time to destinations and reductions in delay.  The experts 

provided nearly equal overall ratings for the two personal security sub-attributes (3.4 for 
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travel time reductions and 3.3 for reductions in delay).  The experts perceived that four 

out of five scenarios would be almost equally conducive to reducing travel time to 

destinations.  Exclusive implementation of HOV Lanes received a rating of 3.5, the rating 

for exclusive implementation of HOT Lanes was 3.6, concurrent implementation of 

Ramp Metering and HOV Lanes received a rating of 3.6, and the rating for concurrent 

implementation of Ramp Metering and HOT Lanes was 3.8.  Comparable ratings were 

provided for four of the five scenarios for the personal security sub-attribute of reductions 

in delay.  The rating for exclusive implementation of HOV Lanes was 3.3, exclusive 

implementation of HOT Lanes received a rating of 3.7, the rating for concurrent 

implementation of Ramp Metering and HOV Lanes was 3.4 and concurrent 

implementation of Ramp Metering and HOT Lanes received a rating of 3.7.  The single 

scenario for which ratings were lower was exclusive implementation of Ramp Metering.  

With respect to reductions in travel time, the scenario received a rating of 2.8 and a 

similar but slightly lower rating of 2.7 was given to the scenario with respect to 

reductions in delay.   

Socioeconomic Wellbeing 

There are two sub-attributes for the socioeconomic wellbeing objective, increases in 

employment and increases in migration to the area.  The experts provided nearly equal, 

albeit low overall ratings for the two socioeconomic wellbeing sub-attributes (1.4 for 

increases in employment and 1.3 for increases in migration to the area).  The experts 

perceived that four out of five scenarios would contribute in a minimal way to increases 

in employment.  Exclusive implementation of HOV Lanes received a rating of 1.4, the 
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rating for exclusive implementation of HOT Lanes was 1.6, concurrent implementation 

of Ramp Metering and HOV Lanes received a rating of 1.5, and the rating for concurrent 

implementation of Ramp Metering and HOT Lanes was 1.8.  Comparable ratings were 

provided for four of the five scenarios for the socioeconomic wellbeing sub-attribute of 

increases in migration to the area.  The rating for exclusive implementation of HOV 

Lanes was 1.3, exclusive implementation of HOT Lanes received a rating of 1.7, the 

rating for concurrent implementation of Ramp Metering and HOV Lanes was 1.4 and 

concurrent implementation of Ramp Metering and HOT Lanes received a rating of 1.6.  

The single scenario for which ratings were lower was exclusive implementation of Ramp 

Metering.  The scenario received a rating of 0.6 for both sub-attributes.   
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Table A2.5. – Objective Ratings (All Experts) 

Planning 
Balance Sheet 
Assessment 

Scenario 
1 

Scenario 
2 

Scenario 
3 

Scenario 
4 

Scenario 
5 

Average 
Objective 
Rating 

 Ramp 
Metering 

HOV 
Lanes 

HOT 
Lanes 

Ramp 
Metering 
and HOV 
Lanes 

Ramp 
Metering 
and HOT 
Lanes 

 

Safety       

Reduces 
Vehicle 
Accidents 

3.0 1.4 1.3 2.8 2.7 2.2 

Increases Travel 
Speeds 

2.9 3.3 3.6 3.5 3.8 3.4 

       

Personal 
Security 

      

Improves 
Accessibility/ 
Reduces Travel 
Time 

2.8 3.5 3.6 3.6 3.8 3.4 

Reduces Delay 2.7 3.3 3.7 3.4 3.7 3.3 

       

Socioeconomic 
Wellbeing 

      

Increases 
Employment 

0.6 1.4 1.6 1.5 1.8 1.4 

Encourages 
Migration into 
the Area 

0.6 1.3 1.7 1.4 1.6 1.3 
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