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Abstract

As a result of an increasing shift towards solo car commuting in the United States and 

other industrialized countries over the last decades, congestion on major highways 

has become an increasing problem leading to considerable private, social and 

environmental costs.

Objective

The objective of this research is to (1) identify the key variables influencing commuter 

modal choices in peak periods and (2) determine their relative importance based on an 

analysis of a case study of commuters in Boston, Massachusetts. This study provides a 

step in the direction of developing an understanding of behaviour ultimately leading 

to traffic congestion and solo car commuting.

Methodology

Standard practice in travel demand analysis is to use discrete choice models in the 

analysis of transport mode selection. The study follows these generally accepted 

principles by using a multinomial logit model for the quantitative analysis of the case 

study data.

Case Study Findings and Conclusions

The city of Boston was used as the case study for the analysis. Boston was primarily 

chosen for its increasing congestion problem, the relatively large choice set available to 

commuters, and limited roadway space in the greater metropolitan area. Data on



commuters in the greater Boston area was collected and analysed. Specifically, a 

distinction was made between radial and orbital commuters. Overall, the analysis 

showed that orbital commuters tend to choose their cars because of the lack of feasible 

alternatives as well as the heavily subsidized nature of parking. This group was also 

found to be very resistant to altering modal choices. Radial commuters appear to be 

more responsive to changes in policy variables. For example, the analysis found that 

an elimination of free or subsidized parking would shift solo car commuters towards 

public transport. In particular, such a change was found to reduce the number of solo 

car commuters overall by 16 percent, and 20 percent for radial commuters specifically. 

As a result, the solo car modal share was found to be reduced by approximately 9 

percent. The changes are almost exclusively caused by radial commuters adjusting 

their behaviour.

Recommendations

Based on the findings and conclusions of the case study, recommendations for policy 

and further research were made. Again, the recommendations were split so that 

orbital and radial commuters could be targeted separately. Modifications to pricing, 

especially pricing of parking supply, improvements to public transport and the 

encouragement of more sustainable travel patterns were discussed as part of the 

overall policy suggestions.
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CHAPTER 1 

RESEARCH OBJECTIVES

1.1 Research Objectives

The objective of this research is to (1) identify the key variables influencing 

commuter modal choices in peak periods and (2) determine their relative importance 

based on an analysis of a case shady of commuters in Boston, Massachusetts. This 

study provides a step in the direction of developing an understanding of behaviour 

ultimately leading to traffic congestion and solo car commuting.

1.2 Rationale for the Objectives

This study contains an investigation of transport modal choices and the factors 

and variables that determine this type of decision-making by peak period commuters. 

Choices between different alternatives such as car, public transport or non-motorised 

options occur during peak period travel between home and work locations. There are 

a variety of possible factors that influence the decisions to select transport alternatives. 

Travellers base their decision-making on a combination of mode specific or personal 

attributes and changes in these factors influence travellers and their resulting modal 

choice behaviour.

Individual travellers have a choice between different modes of transport when 

travelling between two places. These modal choices include alternatives such as the 

use of the private car, car or vanpooling among individuals, use of a bicycle, walking, 

or available public transport options, e.g. buses, trains, subways, or ferries. The 

process of modal choice is the activity by which individuals select the most attractive 

alternative. The selection process depends on a variety of factors that are descriptive 

of the traveller, the general conditions of the external environment, or any mode 

specific attributes. Commuter specific attributes include socioeconomic characteristics 

such as family status, income, age, car availability or other similar measures such as 

personal beliefs and attitudes towards the overall environment. These personal



factors can also include a traveller's preference towards the security of a transport 

mode, the ability to engage in other activities before, during or after a trip, or weather 

conditions. Mode specific attributes determine the relative attractiveness of an 

alternative when compared to other options. These include characteristics of different 

travel choices such as the fare charged on public transit or the operating costs of the 

personal vehicle driven. Variables also include the availability and price of parking 

either at transit stops or at the individual's destination, the travel time on different 

modes as well as waiting times when using mass transit.

The majority of workers engage in commuting every work day. The commute is 

the journey from home to work in the morning and the return trip in the opposite 

direction at a later time during the day. Trips of this nature are scheduled and usually 

concentrated in the early morning hours and the late afternoon based on the 

requirements created by employers. These peak periods can be defined as those hours 

of the day during which the majority of commuters uses the transport system. It is 

during those hours that the greatest demand is placed on the existing infrastructure. 

As a result, roads might become congested and public transit overcrowded. These 

congested conditions can create significant costs for an urban area, especially a 

metropolitan area. It is these peak periods and the demonstrated commuter 

behaviour that is the focus of this study.

The causal variables as identified above, i.e. traveller or mode specific attributes, 

are related to the observed modal choices in the case study in order to identify the 

important factors as well as their relative degree of importance. In other words, the 

analysis investigates the bases of commuters' modal choices and how those relate to 

variables descriptive of the travellers' own socioeconomic characteristics or the 

characteristics of each transport alternative. Different groups of commuters are 

expected to have different factors that are important to them and which they regard as 

instrumental in modal choice. It is the objective of this study to specifically identify 

the variables that have the greatest impact on peak period commuters and their modal 

choice behaviour.



1.3 Structure of the Study

The research objectives that are the basis for this investigation are stated and 

described in Chapter 1. In the following, the background and context of the study are 

discussed in more detail. This includes the description of and justification for the 

selection of the case study area. These issues are reviewed in Chapter 2. The relevant 

existing research in the area of modal choice analysis is described in Chapter 3. This 

section includes a discussion of the nature of the demand for transport, different 

decision-making models that have been identified in previous work, as well as the 

dominant approach that has been used in similar studies in the past. The review of 

the literature further contains an assessment of decision-making factors that have been 

identified using findings from other investigations.

In Chapter 4 the methodology used in the analysis of the case study data is 

described. This includes the discussion of the model that was calibrated and other 

steps that have been taken to refine the analytical analyses and derive conclusions 

based on the data. Chapter 5 provides a discussion of the pilot study, the case study 

including the collected primary data, the data collection processes, the discussion of 

the study area in general and any mode and route specific variables. The chapter also 

presents the findings of the quantitative analysis and modelling of the case study data. 

Chapter 6 summarises the analytical observations and findings, provides a discussion 

thereof, and presents conclusions. The investigation is completed by developing 

recommendations for policy purposes and further research outlined in Chapter 7.

A detailed bibliography together with the appendices including the questionnaire 

for the pilot study and case study and print-cuts of the statistical modelling and 

analyses are provided.



CHAPTER 2 

INTRODUCTION & BACKGROUND

2.1 Introduction

Peak period commuting is the focus of this investigation. This type of traffic has 

increased both in its duration and intensity during the 1990s (US Census 2000). The 

resulting traffic congestion has become an increasing problem in many countries. The 

Confederation of British Industry (CBI) estimated that the annual cost caused by 

congestion in the UK was approximately £33.5 billion in 2000 (Flexibility 2004). This 

estimate included approximately £20 billion incurred as cost by employers and £13.5 

billion in congestion cost, i.e. time savings and excess petrol consumption, paid by 

commuters themselves. These estimates did not include any allowance for the 

potential health effects, the work-life balance or the impact on the environment 

(Flexibility 2004). Travel delays and excess petrol consumption have been measured 

in the billions of dollars annually in the United States of America. Over the last 20 

years, total annual congestion costs in the US measured by travel time delays and 

wasted petrol, increased from $14 to $63 billion (Schrank and Lomax 2004). In 

addition, significant costs are imposed by environmental damage including noise and 

air pollution. Using only the congestion cost estimates in their respective years, those 

were equal to approximately 1.4 and 0.6 percent of Gross Domestic Product in the 

United Kingdom and the United States, respectively (Office of National Statistics 2005, 

BEA 2005).

These trends are costly and can be regarded as unsustainable if these patterns 

continue in the future. A comprehensive policy response to this problem has to be 

developed, but in order to design and develop effective transport policies, the factors 

that are the root cause for this problem need to be understood. For example, one of 

the key contributing factors to these traffic problems is the prevailing and increasing 

use of the car as a means of commuting to work. In the United States, solo car



commuting has increased to nearly 88 percent of the total commuting population in 

2000 (US Census 1999,2000).

The analysis of decision-making factors for peak period commuters has been 

conducted by using Boston, Massachusetts as the case study. The city of Boston was 

chosen as the case study for a variety of reasons. Commuting trends in Boston mirror 

the national average, even though for the Greater Boston area public transit is more 

significant in terms of the percentage of passenger volume than for other metropolitan 

areas in the US (US Census 2000). Figure 2-1 illustrates the modal split in 

Massachusetts and the United States overall.

The US Census Department (2000) reports that more than 80 percent of 

commuters in Massachusetts chose a car-related transport mode for their commute to 

work in the year 2000. Approximately 74 percent of the entire commuter population 

chose to travel alone in their vehicles. Public transport, operated by the Massachusetts 

Bay Transportation Authority (MBTA), captured a share of close to 9 percent of the 

total. The national pattern is slightly more skewed towards the use of the car. 

Nationwide, close to 90 percent of commuters used a car-based option, with roughly 

76 percent choosing to drive alone, while less than 5 percent of commuters used public 

transport. Options such as walking or using a bicycle represented a negligible share of 

the total for both the state of Massachusetts and the country overall. However, the 

modal share of public transit for the city of Boston is equal to approximately 30 

percent and therefore much larger than the state or national averages (Downs 2004).

The City consists of a densely populated central area, offering distinct 

characteristics for a study of commuting behaviour: (1) a limited highway capacity, 

with limited potential for expansions; (2) a functioning transit system including a 

commuter rail network; (3) tolled roads including the Massachusetts turnpike and 

several tunnels; (4) a high awareness of congestion and general transport problems 

within the transit authority's planning and research staff and the public at large; and 

(5) an increasing detachment of the central business district (CBD) from the 

surrounding area (in terms of commuter flows) (Gomez-Ibanez and Fauth 1980). Due 

to the availability of a wide variety of travel modes, a large share of urban commuters 

has the ability to select different modal alternatives depending on their relative



attractiveness and characteristics. It is possible for decision-making based on certain 

factors to be carried out among commuters.

10.00% --

0.00%

Drive alone Car/Vanpool Public
transportation

Walk Work from home other

Figure 2-1: Modal Split Comparison (2000 US Census Data)

Congestion has worsened over the last decade and these traffic trends follow the 

developments in the United States overall. The Texas Transportation Institute 

estimated the overall annual congestion cost in Boston, consisting of the sum of excess 

fuel consumption and annual travel time delays, to be approximately $1.4 billion in 

2002. Congestion cost per peak traveller amounted to $958 per year, which ranked the 

City tenth in a nationwide comparison. (Schrank and Lomax 2004).

With the increase of congestion and traffic volumes, there is a need to address a 

traffic crisis with which the city is faced. The majority of research conducted on the 

Boston area has dealt with issues other than modal choice decisions but rather the 

expansion of transit lines or the management of newly constructed infrastructure. 

Evaluations of new public transport lines have included passenger forecasts (CTPS 

2001, 2002a, 2004) but these forecasts did not include a comprehensive modal split 

scenario but were used to estimate the average cost incurred for new public transport 

passengers based on Federal Transit Administration methodology (Meyer & Miller



2001). Please see Section 3.8.11 for a review of the research specific to the Boston area. 

This investigation addresses the neglected component by identifying the variables that 

determine peak period modal choices by commuters in the study area.

It is indeed this decision-making process that is important from a research point 

of view. Identifying the possible variables and modal choices allows the 

determination and identification of decision-making patterns based on the case study 

data. Ultimately, this identification of the dominant decision-making variables and 

their relative importance for the peak period commuter assists in providing 

recommendation for the design of effective transport policies.

But before the analysis can be carried out, the overall demand for travel and the 

many dimensions of travel demand patterns need to be understood. In addition, a 

review of the policy trends in the United Kingdom as well as internationally will allow 

an assessment of general policy trends designed to deal with peak period congestion.

Travel demand analysis is a discipline that has been thoroughly developed and 

researched over the last three decades. Much research has been done to understand 

the behaviour of urban commuters. This remainder of this chapter outlines the basic 

foundation of travel demand and its possible consequences such as congestion and 

time delays. The investigation then leads to the review of research in this field 

(Chapter 3) as well as to the analysis of the case study (Chapter 5).

2.2 Travel as Derived Demand

In the field of transport, it is generally assumed that travel is a derived demand. 

This means that the demand for travel itself is determined by the set of activities in 

which the consumer or decision-maker engages in during or at the end of the trip. 

These activities are what ultimately provide the consumer with utility. It is this notion 

that defines travel as an intermediate good and not the final good or service sought by 

the consumer. Travel becomes a derived activity determined by the direct demand for 

consumer activities or consumer products and services (Meyer and Miller 2001; 

Ortuzar and Willumsen 1994; Cole 2005). The purpose of the trip determines the 

direction and form that travel will take, or, in other words, influences the modal 

choice of the commuter. In addition, travel, especially in a commuting context, is seen



as costly or undesirable. Individuals may choose a travel alternative that provides the 

least amount of disutility or cost or for which the combined net benefit is the largest. 

Examples for the derived demand are easily compiled. Consumers have a need 

for travel because of work, shopping activities, family holidays, or other tasks that are 

of interest to the consumer. Travel will take different forms depending on the 

decisions made by individuals, their individual preferences, and the modes of 

transport available to them.

2.3 Undirected Nature of Travel

It is also conceivable that travel may be undirected, or not caused by other 

activities, and therefore not the result of underlying product or service demand. In 

short, travel might not be derived after all. Mokhtarian and Salomon (2001) addressed 

this issue by pointing out how undirected travel may be desirable to consumers 

without any other activity as motivation. Travellers may simply enjoy "going for a 

walk", or "taking the car for a ride" (p.698), which would indicate that travel itself 

carries a positive utility unlike the predominant view expressed in the literature.

This concept has far reaching consequences for commuting situations. US 

Census information shows the shift of commuters towards individual car use as the 

growing trend in metropolitan and other areas (US Census 1990, 2000). At the same 

time, congestion delays and travel distances have increased (Schrank and Lomax 

2004). Hence, analyses of generalised cost, or the summation of all cost components of 

a transport alternative, including financial and time costs (Cole 2005), might not be 

able to support the use of the car as the cost minimising alternative. So why are 

commuters choosing their cars for their travel from home to work? Besides other 

factors not mentioned here, it might be the positive utility derived from travelling that 

is one of the main factors in this decision-making process. "Individuals who place a 

high value on those attributes [sense of independence, control, expression of status, or 

mastery of skill of driving a vehicle] may, for example, choose to drive to work in a 

congested central business district even when public transportation is actually both 

faster and cheaper" (Mokhtarian and Salomon 2001, p.699).



Even though it is possible that travelling by itself is seen as a positive activity, this 

might be more so the case for the type of trips taken during holidays, weekends, or 

general leisure time. The focus of this study is on peak period commuters and their 

decision-making processes. Travelling in congested conditions is much more costly 

in terms of journey times than travelling during off-peak hours. Therefore, it is 

plausible that the non-derived nature of travel demand is more applicable to those off- 

peak times.

2.4 Complexity of Travel Decisions

Travel decisions are complex and involve a variety of different dimensions. Trips 

can be characterised by origin, destination, time of day, mode of travel, route, and 

purpose.

2.4.1 Trip Origin & Destination

There are two broad categories in regard to the origin and destination of trips. 

Travel can occur between work and residence locations or between any other location 

types. For the former, the pattern is largely influenced by assigned working hours 

and scheduling requirements that in many cases cannot be directly influenced by the 

traveller but are determined by the employer. The origin and destination are fixed by 

the trip maker's residence and work location and the journey is likely to be a repetitive 

occurrence at least during the standard five-day work week. For the second 

alternative, leisure trips, fewer restrictions apply. It might be the case that the starting 

point, at least at the beginning of the day, is the individual's residence but it is up to 

the traveller to decide about the end points or subsequent trips during the same time 

period. Business trips and teleworking arrangements are also examples in which the 

typical commute between work and home is not applicable.

Urban1 and interurban trips also need to be distinguished in this context. Urban 

trips can be defined as originating and ending in the same metropolitan area.

1 The U.S. Census Bureau defines urban as an area including all population and territory in urbanised 

areas, which are densely settled areas containing at least 50,000 people, and in other places with a 

population of 2,500 or more (US Census 1999).



Interurban trips include travel between two metropolitan areas while covering less 

developed non-urban space in between.

It is possible for an individual to chain trips together. This means that even 

though the trip starts and ends either at the person's home or work location, other 

localities are made part of the route in order to achieve additional objectives. Picking 

up children from day-care or dropping off laundry in the morning are typical cases in 

which commuters divert from their direct routes from home to work in order to 

accomplish certain tasks. These trips become part of the overall home-to-work 

journey but may be non-repetitive occurrences. The ability to engage in these 

activities is important for the commuter since it creates benefits that at least partially 

offset the otherwise costly travelling activity. Modal choices can be directly affected 

by the activities in which a traveller can engage along the chosen route because the 

decision-making factors are altered.

2.4.2 Time of Day

The time of day is important in the analysis of travel decisions. In most 

metropolitan areas significant peaking effects occur. In other words, road or public 

transport congestion occurs during rush hours, i.e. the periods of time when the 

majority of trip makers travel from home to work and vice versa. Peak hours2 can be 

defined as the hours of the morning commute between 6am and 9am and the 

afternoon commute between 4 and 7pm when most commuters travel. For most work 

related trips, these peak hour problems are unavoidable. In May 2001, approximately 

29 percent of all full-time workers in the United States had flexible schedules that 

allowed them to either vary the start or end time of their workdays. Only 11.1 percent 

of all workers worked flexible schedules as part of an employer endorsed program 

(Department of Labor 2002). Even in the case of flexitime programs, employers 

require their employees to be on site for at least the core hours of the work day which 

in turn creates a need for the individual to travel during either the early morning or 

late afternoon hours. These peaking effects are much less pronounced for non-

2 The Federal Highway Administration has defined and used these definitions of peak periods in its 

personal and household travel surveys (FHWA 1995, 2001).

10



essential, i.e. non-work, or leisure trips. However, there can be seasonal peaks in 

traffic flow for example around Easter Sunday or the Thanksgiving holiday in the 

United States.

When choosing departure times for leisure travel, individuals are much less 

constrained by the time of day except in cases when their own plans and schedules 

require them to be at their destination at a certain point in time. It is furthermore 

likely that non-essential, or non-work, trips are planned or scheduled while 

considering the traffic conditions at that moment in time. Even though information 

about travel conditions is increasingly easier to obtain, it is much more likely that 

these information systems will be used by leisure or non-work travellers because peak 

period commuters expect to encounter congestion and have less flexibility to change 

their travel times (Downs 2004).

2.4.3 Travel Mode Choices

Most urban travellers have two main modal choices available to them: cars and 

public transportation. In many cases, walking or riding a bicycle is less feasible due to 

long commuting distances or the absence of appropriate bicycle or walking paths. The 

use of the car can be combined with the use of public transport in the form of park and 

ride schemes or individuals can choose to car pool in order to reduce the overall cost 

of car travel or, more specifically, spread the costs of travelling among a larger group 

of individuals. The real or perceived cost of a transport mode can therefore be a 

significant factor in the overall modal choice process.

Nevertheless, in some urban areas walking or cycling is also a feasible option. 

However, this is clearly dependent on the public infrastructure and the proximity of 

home and work locations. Travellers might also be able to use motorised two- 

wheeled vehicles or, as in the case in the largest cities in the US or elsewhere, taxis. 

Again, it is possible for commuters to use several different modes for their journey to 

work. For example, a person might drive from their home to the nearest commuter 

rail station, take the train into the central business district, transfer to the subway, and, 

finally, walk the last portion on foot to the work location. The choice of the exact
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combination of modes is likely a function of a variety of components such as time, 

cost, or other more subjective variables such as convenience.

2.4.4 Travel Route Choices

The choice of travel modes might also be influenced by the route chosen by the 

traveller. In densely populated urban areas, it is likely that more than one option is 

available to the individual. For example, a driver might have the option between a 

tolled and an untolled road leading into the centre of the city. Smaller local roads 

might be an alternative to the main radial motorway. A car commuter might also be 

able to change the path of the trip based on traffic and weather conditions. A public 

transport user might be able to choose between a more expensive light rail option and 

the slower and less expensive subway or bus route.

2.5 Trip Purposes

In most cases, the choice of not travelling at all is not available to most 

commuters. Attendance at the work location is in most cases required for at least a 

portion of the workday. According to the US Census Department (2000), only 3.3 

percent of all residents in the United States telecommuted or worked from home for 

the majority of their work days in 1999. Work commuters in most cases do not have 

the option of not travelling, whereas leisure travellers have to make the decision of 

making the trip at all. Leisure travellers might be willing to vary their route compared 

to work commuters because of the reduced urgency or need to arrive at the location at 

a certain time.

Table 2-1 
Composition of Daily Travel

Measured in vehicle miles of 
travel (VMT)
Shopping and Errands 14% 
Social and recreational 24% 

Commuting to work 27% 

Personal & family business 19% 
Other 16% 
Total 100%

Source: FHWA, 2001 __________
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Trips including all travel modes can be classified by their respective purpose. 

General categories include leisure, work, social, school, shopping, visiting friends and 

relatives or other personal business. The Federal Highway Administration (2001) 

defines daily travel as a trip from one location to another on a single day. Daily travel 

can be broken down by the relative purpose of the trips. The composition is shown in 

Table 2-1. Based on average annual vehicle miles of travel per household, 

approximately 27 percent of travel can be attributed to commuting.

Within a completed trip, there might be legs that are based on different objectives 

or purposes. For example, even though the overall trip might be due to the 

requirement to attend work, a traveller might decide to stop for grocery shopping, or 

conduct any other personal business along the way. One of the factors determining 

modal choice can therefore be the types of activities that a traveller can engage in 

before, during, or after his trip.

Overall, this behaviour might be the result of the minimisation of travel time or in 

more general terms, opportunity costs. For commuters, the overall objective remains 

the travel to work even though some of the additional tasks performed along the way 

might be meaningful and important decision-making factors when considering modal 

choices.

2.6 The Work Trip

The focus of this study is the work trip or the commute, i.e. the journey between 

the individual's home and work locations. Generally, this trip is likely to occur during 

peak hours, is repetitive and the return journey follows approximately 8-10 hours after 

the initial trip, again during a peak travel period. A commuter is constrained in the 

timing by the requirements and rules imposed by the employer. Even with increasing 

use of telecommuting options and employer benefits such as flexitime, the traditional 

morning and afternoon commute is still in the majority (Department of Labor 2002). 

The ultimate purpose of the trip is a function of the final activity, work, and it is 

therefore the case that work related commuting is a good example of a derived 

demand.
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Commuters might engage in other activities during their journey to and from 

work. These activities can include the reading of newspapers, books, or work related 

materials or any tasks that would require a commuter to stop along the way such as 

the dropping off or picking up of children at school. However, these activities are 

seen as being a characteristic of the travel mode chosen. They can have an effect on 

the modal choice because due to the ability to combine these activities with travelling 

in general, some travel alternatives could appear more attractive to the commuter than 

others.

The ability to accomplish tasks and meet personal objectives during the commute 

is clearly a function of the mode that was chosen. In other words, certain modal 

choices accommodate this behaviour better than others. For public transport, 

stopping along the way, or shopping for goods, is less of an option. Space on 

commuter trains, buses and subways is limited and not conducive to shopping 

activities. A commuter walking or riding the bicycle to work is also limited in the 

additional shopping that can be completed during the commute. Travellers therefore 

engage in activities such as reading, cell phone use, or work preparation in order to 

make the best use of their time. Car commuters on the other hand have the option of 

altering their route in order to complete other tasks along the way. It is the car 

traveller who by all common standards has the most flexibility in completing 

additional tasks and personal business during the home to work trip. Nevertheless, 

work preparation is much less possible during car travel except for mobile phone calls 

that can be completed (but may be forbidden according to local regulations, e.g. the 

UK).

As described above, travel in frequently congested urban areas does not allow 

the traveller to obtain positive utility from travelling alone but rather creates the need 

to minimise the negative utility or cost incurred while travelling. It is the additional 

activities that allow the commuter to offset some of the negative utility created by the 

journey. Hence, the evaluation of different modal choices for commuters requires the 

assessment of the additional characteristics of these transport modes.
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2.7 Commuting Trends

Over the last two decades, the modal split of American commuters has shifted 

towards the use of the private car. Whereas in 1990, approximately 73.2 percent of 

individuals travelled to work alone by car, the share increased to 75.7 percent by 2000. 

Over the same period, the use of public transport has declined from 5.3 to 4.7 percent 

of the total commuting public (US Census 1990; 2000). These trends are shown in 

Table 2-2.

Table 2-2
Census 1990 & 2000 Commuting Modes 

Travel Mode 1990 Census
to Work

Drive Total (car.truck.van)

Drive alone

Carpool or Vanpool (2+ persons)

Public Transportation Total

Subway/rapid transit

Bus
Commuter rail (includes 
Railroad, Street car & trolley car)
Taxi

Ferry

Walk

Work at home

Bicycle

Motorcycle

Other

Total

Source: United States Census Data 1990, 2000.

Percentage 

86.50%

73.20%

13.40%

5.30%

1 .50%

3.00%

0.60%

0.20%

0.00%

3.90%

3.00%

0.40%

0.20%

0.70%

100.00%

2000 Census

Percentage 

87.90%

75.70%

12.20%

4.70%

1 .50%

2.50%

0.50%

0.20%

0.00%

2.90%

3.30%

0.40%

0.10%

0.70%

100.00%

However, these national statistics are aggregate figures and obscure the 

difference between public transit commuters on average and in large cities. The 

balance of commuters is different in places such as Boston and New York. Such large 

metropolitan areas have a much larger share of public transit users than the national 

averages suggest. For example, in the year 2000, 53 and 32 percent of all city workers 

used public transit in New York and Boston, respectively. Small cities overall follow
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much more closely the national modal split. In total, public transit use is also 

concentrated among the large urban areas in the United States. The top 23 cities in 

terms of transit ridership contained more than 50 percent of all transit commuters 

even though these cities only encompassed 10 percent of the country's workforce 

(Downs 2004).

Peak-period congestion has worsened over the last 20 years in the United States. 

A report (Cambridge Systematics 2004) estimated that in 2001, travel time for the work 

commute was approximately 50 percent higher than under ideal conditions. This 

percentage is up significantly from just below 20 percent in the year 1982. More 

specifically, the study found that two-thirds of all peak period travel was congested in 

2001 compared to roughly 33 percent twenty years earlier. In addition to the severity 

of congestion, the window during which congestion was likely to be experienced also 

increased. From 1982 to 2001, the average number of hours during which congestion 

was to be expected increased from 4.5 to 7 hours over a 24 hour period.

In the United Kingdom, road traffic, including passenger and freight, has 

increased by 77 percent measured in vehicle miles driven over the last twenty years, 

with individual car travel making the largest contribution to this trend. In commuting 

situations, the Department for Transport has estimated that 85 percent of cars are 

driven by individuals alone. Other modes of transport have only seen very modest 

increases in traffic volume. Average travel speeds have been mostly declining in the 

UK and London, in particular over the last 10 years (DfT 2003).

These trends of increasing congestion and travel delays are mirrored in the state 

of Massachusetts. Over the last 20 years, commuting times have increased at the sixth 

fastest rate of any metropolitan area in the USA. In 2000, Massachusetts had the ninth 

longest average commuting time in the country. Average commuting distances have 

increased by 10 percent over the last ten years and approximately 25 (8-hour) days 

were lost per person per year due to commuting alone (Goodman et.al. 2004).

Between 1990 and 2000, average travel times increased by 19.3 percent with 

individual car and public transport travel times increasing at a rate of 18.1 percent and 

19.4 percent, respectively. Regarded as a related measure of road congestion, the 

number of car registrations increased by 48 percent between 1991 and 2000.
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Assuming that use of these vehicles has remained the same, this is a significant factor 

because, over the same period of time, minimal road infrastructure was added to the 

local network (Goodman et. al. 2004).

2.8 Overview of Policy Responses and Initiatives

It is debatable if adding additional road capacity would resolve the congestion 

problem in metropolitan areas. Research has shown that increasing the road system is 

likely to be ineffective and may even be counterproductive to the reduction of traffic 

congestion (Arnott and Small 1994). This phenomenon is also called Triple 

Convergence. An expansion of roadway capacity causes drivers to converge onto the 

added space by shifting their departure time (temporal convergence), their route 

(spatial convergence) or transport mode (modal convergence) (Downs 2004).

In 1994, the Standing Advisory Committee on Trunk Roads Assessment 

(SACTRA) in the United Kingdom concluded that additional traffic can be induced by 

adding new road infrastructure. Adding new roads provides an incentive for 

motorists to add additional trips or make longer trips that otherwise they were likely 

to have forgone. The overall effect is that road building and adding to the road 

capacity is unlikely to work as a strategy to control and reduce congestion in urban 

areas (SACTRA 1994). In effect, the addition of road capacity can lead to induced 

traffic because of the location of new businesses and residential developments along 

the new transport infrastructure (Downs 2004).

However, road building projects on a large scale may at least affect the volume of 

traffic and related congestion in the short term. The Texas Transportation Institute, in 

its 2004 Urban Mobility Report, estimated that in order to reduce the annual rate of 

change of travel delays, road supply needs to be added at a much faster rate. But only 

a very small fraction of metropolitan areas in the United States have actually been able 

to accomplish the reversal of the trend or even maintain the status quo due to financial 

or space constraints. On the contrary, policy makers and economists recommend a 

multi-tiered solution to this growing problem, solutions that go far beyond the mere 

construction of additional road space (Schrank and Lomax 2004). In order to address 

this problem, a number of cities have implemented policies that are designed to

17



mitigate congestion problems by reducing the volume of car traffic as a primary 

approach. Different methods have been adopted to achieve this goal but a main 

emphasis has been placed on restoring accurate pricing incentives whereby road users 

pay for the total cost. In other words, modal choice behaviour is targeted by policies 

in congested urban areas by addressing and changing some of the decision-making 

variables.

Small (1992) developed a strategy to implement congestion pricing using 

Southern California as a case study. He referred to the overall principle grounded in 

economic theory that congestion pricing establishes efficient pricing mechanisms. 

These systems generate more than enough revenues so that individuals that are 

negatively affected can be compensated with funds remaining after improvements to 

the infrastructure are made. In particular, his strategy points out a comprehensive 

policy allowing for several ways of eliminating the potential regressiveness of road 

pricing, i.e. road tolls as a regressive tax is much less likely to be supported and 

adopted by the public. Congestion pricing as an overall traffic management tool has 

won limited acceptance but it is still far away from being the strategy of choice for city 

planners and policy makers.

2.9 European Initiatives

In response to a growing congestion problem and the failure of additional 

ongoing and planned road construction to resolve the crisis (The Economist 2002), the 

Mayor of London, Ken Livingston adopted a congestion pricing approach in February 

2003. Congestion has been identified as a determinant of modal choice in the 

literature. Section 3.8.10 describes several studies in which the increased traffic 

volume has affected modal choice decisions.

Since the implementation of the policy by Transport for London, drivers have 

been charged £5 per day for entering the city centre with their vehicles. The fee was 

increased to £8 in 2005. The fees are monitored by the use of traffic cameras and a 

system that allows motorists to pay their charges via mobile phones or the internet. 

The system has shifted costs towards the use of the car and has as a result caused 

modal shifts between solo car use and other transport options. In other words, travel
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cost has been identified as one of the variables responsible for modal choices. 

Previously, the use of the road was free of direct monetary costs, if one ignores the 

cost of operating the vehicle, the introduction of congestion fees has introduced a price 

component.

Over the last two years, the success of the policy has been measurable. Traffic 

speeds have been increased by 37 percent, the number of vehicles entering the city 

centre has been reduced by 16 percent and journey time on round trips to and from 

Central London has been cut by 13 percent (Deloitte Research 2003). Commuter 

behaviour has responded to the increase in costs of operating cars. As a result, one 

could argue that congestion has been successfully addressed by transport policies at 

least in the short term.

However, congestion charging in London has also had negative impacts. The 

increased cost of travelling is seen as deterring consumers from frequenting shops in 

Central London, namely Oxford Street. According to a newspaper report, West End 

stores have seen reductions in sales between 7 and 9 percent in the first 6 months of 

the congestion pricing scheme being in operation. Management of the affected stores 

blame the introduction of congestion charges and the effect these have had on 

motorists (Muir 2003).

There is also the perception of social exclusion or the concern that due to the 

regressiveness of road user fees, individuals with higher incomes will be able to drive 

wherever they need to go whereas low income individuals will not be able to afford 

necessary vehicle trips. The conflict between willingness and ability to pay is 

recognised in the context of the implementation of congestion charging schemes, and 

an increasing effort is made to correct any issues of social inequity. For example, in 

London Ken Livingston has indicated that disabled drivers need to be exempt from 

the congestion charges and that provisions need to be made for lower paid workers in 

industries such as healthcare or education (Jones 2004).

But the overall success of the system has prompted the Major of London to 

suggest a Western Extension of the Congestion Pricing Scheme. The extension as 

currently discussed covers most of Kensington, Chelsea, and Westminster. The same 

technology would be used to apply congestion charging and initial projections have
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estimated that traffic in the Western extension could be reduced by 5-10 percent with a 

resulting reduction in congestion of between 10 and 20 percent. At the same time, £10 

million are projected to be generated which could be used for other transport 

investments (Draft Transport Strategy Revision 2004).

In addition to the congestion pricing approach used in London, road pricing has 

been used in other European countries in order to allocate scarce road space, though 

initially some of these road toll experiments were designed primarily to raise funds for 

public infrastructure projects rather than influencing travel behaviour. Examples of 

cities that have experimented with road pricing are the Norwegian cities of Oslo and 

Trondheim. However, it appears that the level of road fees in Norwegian cities has 

been set too low as to effectively induce modal shifts among peak hour travellers 

(Urban Transport 1995).

On the other hand, Singapore has had a road pricing, or area licensing, scheme in 

place since 1975. The system's intent from the very beginning was to reduce peak 

period congestion in the central area of the city. The program can be viewed as a 

partial success since it shifted travel from peak to off-peak periods with the ultimate 

and likely unintended result that congestion is now worse during off-peak times 

(Levinson 1997). In addition to expanded pricing options, cities have also followed 

regulatory approaches by restricting vehicle access to the centre during certain periods 

of time, controlling parking supply or other means.

In the Habitat II Global Workshop, the United Nations Centre for Urban 

Settlements (1995) discussed the implementation of large scale traffic management 

policies in order to manage congestion as a public policy issue in the city of Paris. 

Taxes on vehicles and petrol are high, public transport is largely subsidised, on-street 

parking is regulated and charged for, and park-and-ride programs have been 

implemented. These policies combined have had the purpose of discouraging car 

traffic to the urban centre of Paris. Nevertheless, there has still been a shift towards 

the use of the car for commuting and non-commuting trips. That has been paired with 

longer travel distances due to the residential development of suburban areas as well as 

increases in orbital traffic. Research indicates that traffic and consequently congestion
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on urban streets would be much more severe today had these policies not been 

implemented over time.

Taxes on petrol are widely used by governments. As a matter of efficient policy, 

petrol taxes are only a crude tool in the management of traffic congestion. Taxes 

increase the cost of operating vehicles but these additional costs apply regardless of 

the current level of congestion on the road. Also, these taxes do not differentiate 

between peak and off-peak users even though these two groups place different 

demand on the road infrastructure. Taxes are therefore likely to reduce vehicle trips 

overall but not contribute to the efficient use of the road (The Economist 2001).

There have also been other potentially more innovative and aggressive 

approaches to travel demand management. The City of Zurich has emphasised the 

use of public transport over the use of the car. As part of this effort, the number of 

available parking spaces has been greatly reduced, new residential development has 

been encouraged in areas that are already well served by public transportation and car 

movements have been restricted by reprogramming the time available to pedestrians 

and public transport at traffic lights in the city. As a result, significant reductions of 

vehicle traffic have been achieved (Urban Transport 1995, Cervero 1998).

The City of Oxford adopted a comprehensive transport strategy in 1993 based on 

earlier policy initiatives, including a park-and-ride system and bus priority lanes 

(Oxfordshire County Council 2000). In addition, traffic into the inner city was largely 

restricted, parking charges were raised, and, in order to accommodate additional 

orbital traffic, the capacity on the ring road around the city was increased. The 

objective of the plan was to reduce traffic and environmental damage, i.e. air 

pollution. Since the implementation of these measures, the success has been 

measurable. Between 1991 and 2000, the number of travellers on the city's bus system 

grew by approximately 50 percent. Over the same period of time, the percentage of 

solo car trips (including taxis) declined from 54 to 39 percent. The air quality in the 

inner city has also been measurably improved (Oxfordshire County Council 2000). 

Retail activity has been slightly lagging but this might be attributed to the overall 

slowdown in the retail sector at the end of the 1990s, not necessarily to the adoption of 

the park-and-ride system.
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2.10 Initiatives in the United States

In the United States, much research has been conducted on the effect of road or 

congestion pricing, or the possible implementation of such pricing schemes (Small 

1992). Some of these principles have been used in practice. The privately funded State 

Route 91 (SR-91) in Southern California uses variable pricing in order to allow 

travellers willing to pay the tolls to take advantage of express conditions. The 

operator has devised an hourly fee schedule in order to reflect the attractiveness of the 

express lanes. SR-91 runs for 10 miles and has been both successful in the economic 

feasibility as well as the impact on congestion. Specifically, the express lanes of the 

SR-91 carry an average of 40 percent of the total traffic at speeds of between 65 and 75 

miles per hour. The speed on the un-priced lanes varies between 20 and 35 miles per 

hour on average (Deloitte Research 2003). On Interstate 15 (1-15) in California, outside 

San Diego, high occupancy tolled lanes have been used to manage congestion. Cars 

that have signed up for the system can access these lanes and pay a fee that can 

change every six minutes in order to reflect current traffic conditions (The Economist 

2003). High occupancy vehicles (HOV) are eligible to use the tolled lanes free of 

charge. The system implemented on the 1-15 has therefore become known as high 

occupancy tolling or HOT. On an average day, these HOT lanes carry between 3,000 

and 4,000 toll-payers and approximately 10,000 car-poolers (Deloitte Research 2003). 

In both cases, pricing has been a powerful factor influencing commuter behaviour.

A more widespread model to manage congestion during peak hours however is 

the adoption of high occupancy vehicle lane systems which have been used in cities 

across North America. Today, there are more than 100 HOV lane projects in the 

United States covering more than 1,000 miles of road space (DoT 2004). Even though 

HOV lanes have been questioned in their ability to assist in the management and 

reduction of congestion, they are still seen as a viable tool by transport planners (Fuhs 

and Obenberger 2002). The method by which HOV lanes are expected to change 

modal shifts is by altering journey time for commuters. Examples of cities that have 

created HOV lanes include Houston, Boston, Los Angeles and Seattle to name only a 

few.
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2.11 Initiatives in Boston

The increasing problem of urban traffic congestion has also affected the state of 

Massachusetts and in particular the Greater Boston area as pointed out in Section 2.7. 

The city of Boston has conducted studies headed by the Central Transportation 

Planning Staff (CTPS) within the local city administration. These studies dealt with 

the impacts of a variety of transportation options and their potential impacts on the 

regional transportation as well as economic systems. Among other issues, these 

studies have dealt with the available parking infrastructure, regional transportation 

plans, environmental impact reports addressing the extension of light or commuter 

rail lines, and assessments of traffic and highway conditions on the current roads and 

motorways (CTPS 1998; 1998a; 1999; 2002; 2004).

However, the implementation of any far reaching traffic management policies 

has been lacking. High occupancy vehicle lanes exist for car travellers approaching 

the City from the north or the south. But access to HOV lanes on the route from the 

south is limited to morning peak-hours only because the HOV lane is shared between 

north and southbound traffic (commonly referred to as a zipper lane since it alternates 

the flow of traffic by time of day). The shared HOV lane is used as a tool due to the 

scarcity of roadway capacity on this route (MHD 2004). Since it has been added as a 

traffic management tool after the road was designed, the HOV lane can now only be 

switched between the two directions and only adds temporary additional capacity. 

Electronic toll collection has been used as a way to improve traffic flows for cars 

coming in on the tolled road from the west, from the airport or over the Tobin Bridge 

from the east.

Over the last decade, the city of Boston has been the location of the largest public 

infrastructure project in the USA, the "Big Dig". The Big Dig had the purpose of 

moving the existing highway infrastructure and any new traffic connectors under 

ground in order to improve the appearance of the city as well as streamline traffic 

flows. The total project cost of the Big Dig is now estimated at approximately $14.6 

billion (Cambanis 2003). The project is nearing completion. Most of the new roadway 

infrastructure has been opened up to traffic, the connection to Logan Airport has been
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made, and the old, and sometimes temporary, elevated structures through the city 

have mostly been torn down. However, the traffic conditions during peak hours have 

not yet significantly improved (Flint 2003). They are also not expected to change 

drastically as a result of the Big Dig. After all, this project has not had the objective of 

expanding the capacity of the existing infrastructure but rather improve the conditions 

and appearance of the city for its residents (Cambanis 2003).

In Boston, traffic congestion for commuters during peak hours has worsened 

over the last decade. The Texas Transportation Institute estimated that congestion 

costs have increased by nearly 4 percent annually between 1996 and 2002 (Schrank 

and Lomax 2004). These costs are projected to increase and will continue to severely 

impact the Greater Boston area. In a recent study, Goodman et. al. (2004) concluded 

that one of the main consequences of increasing congestion and commuting times will 

be the falling attractiveness of the state overall to highly-skilled workers. Its trained 

workforce is described as one of the state's primary competitive advantages but the 

advantage has been eroding as a result of the transportation problems. Goodman et. 

al. (2004) suggested that new policies need to be implemented, targeting not only 

additional public transport investment but also changes in land use policies and 

overall factors that influence and affect economic development and transportation. 

The understanding of commuter behaviour and variables affecting modal choices is 

therefore critical.

2.11.1 Travel Demand Management in Boston

In order to be able to design traffic demand management policies that target car 

commuters and induce modal shifts, the factors that determine decision-making need 

to be understood. This research provides one of the first steps to achieving this 

objective. In fact, this investigation provides a fresh look at the decision-making unit 

ultimately responsible for the problems outlined above: the peak hour car commuter 

in Boston. Any new policy that has the objective of addressing the growing traffic 

problem will have to be designed in a way that it induces modal choice decisions 

which are more sustainable in the long term. Decision-making variables and factors
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need to be correctly identified, assessed and analysed in order to allow policy makers 

to make informed policy decisions.

Most of the work that has been completed by private entities, academic 

researchers, city or Massachusetts Bay Transport Authority (MBTA) planning staff has 

focused on factors and issues other than modal choices. This study addresses this 

neglected component and advances existing research by analysing why commuters 

choose certain modes of transport during their commutes to work. The design of 

effective transport demand policies requires the knowledge of the key decision- 

making factors. In light of the decision-making variables found within the sample of 

the case study, the relative significance of these factors is addressed (Chapter 5) in 

addition to how the results can assist the city in understanding and improving the 

ways of managing traffic flows in the future (Chapter 7).
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CHAPTER 3 

LITERATURE REVIEW

3.1 Introduction

This chapter examines a selection of the existing literature in the field of transport 

modal choice modelling, in particular the work that has been targeting commuter 

decision-making and the critical and influential independent variables. The review 

outlines the development of demand modelling methodologies and assesses some of 

the variables that have been shown to play a role in the decision-making of 

commuters. Different case studies will be discussed in order to understand the 

evidence of decision-making in commuter modal choice situations.

Regarding the empirical work discussed in Chapter 5, it is important to 

understand the framework within which the case study of this investigation is to be 

placed. The objective of this study is to understand the range of variables that 

influence commuter modal choice and identify any evidence for decision-making 

based on these factors. An understanding of other studies and the variables that were 

identified therein will assist in validating the findings and conclusions of this research.

3.2 Choice Theory

Based on standard microeconomic theory, a consumer will attempt to maximise 

his or her level of utility subject to a budget constraint. Becker (1965) theorised about 

income and time constraints with the possibility of converting time into goods by 

using less of it for consumption and more for work. In a review of the dominant 

research in this area, Jara-Diaz (1998, p.21) commented by saying that "[t]he main 

contribution of Becker is to analyse all properties of demand in terms of this 'full 

price', that has a time component." The implication is that efficient resource pricing 

requires the internalisation of all costs. Individuals will make choices leading to 

efficient resource allocation if their total costs, consisting of time and monetary 

components, are reflected in the price of a commodity. De Serpa (1971) added a set of

26



technical constraints, pointing out that there exists a minimum time requirement to 

consume a given market good. Further relevance lies in the fact that the product is 

described as an activity. Utility is derived not only from what might be called 

consumption of a good or service but also an activity, or work commodity for 

example. Evans (1972) further expanded the discussion by specifically outlining that 

activities are the components that yield utility for the consumer. He introduced a set 

of constraints between different activities, which for instance also includes working 

time. It is indeed the link between goods and time that is the key aspect in the 

development of a theory of consumer choices (Jara-Diaz 1998). Microeconomic choice 

theory components became the core tools used for the analysis of transport demand 

and modal choice models today.

3.3 History & Background of Transport Demand Models

As outlined in Chapter 2, travel demand is predominantly seen as a derived 

demand, or a pattern that is influenced not by the activity of transport itself but rather 

by the activity to be engaged in at the destination of the trip. An individual might 

choose the mode of transport that yields the smallest cost, or least negative utility, 

measured in generalised cost terms (Ortuzar and Willumsen 1994). Studies have also 

stipulated that travel may be undirected and therefore not the result of an underlying 

product or service demand (Mokhtarian and Salomon 2001). However, it is unlikely 

that the undirected nature of travel applies to general commuting situations. During 

peak periods the overall congestion and travel delays are so significant that any 

positive benefit from merely driving is probably exceeded by these costs.

Travel demand analysis was developed in the 1950s after heavy investment in 

road infrastructure caused a significant increase in car use. The discipline went 

through an evolution that covered three different stages. Initially, aggregate data was 

used as the basis for models and the analysis of traffic flow patterns in metropolitan 

areas. Secondly, models based on microeconomic theory, also called disaggregated or 

discrete choice applications, were developed. The emphasis was on the individual 

and how factors determined choices on a more narrow level. In this type of analysis, 

the significance of individual variables became much more important. Lastly, activity
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based models were created. These types of models assume that trips should not be 

broken up and that the travel demand estimation process should be seen from a more 

holistic perspective (Fischer 1993).

3.3.1 Aggregate Transport Models

As basis for the traditional, first-stage models, economists and planners 

developed broad applications that were based on aggregate trip shares and flows of 

traffic between zones. Specifically, the early models were known as four stage models 

because they distinguished between trip generation, trip distribution, modal choice 

and route choice (Jovicic 2001). Figure 3-1 illustrates this approach1 .

The general approach of these models is still used today as part of the Urban 

Transportation Planning System (UTPS). The UTPS was created based on the Chicago 

Area Transportation Studies in the 1950s. More recently, Levy (1994) and Verhetsel 

(1999, 2001) applied the approach to different metropolitan areas. The third 

component, modal choice, has been altered over the years to include some of the more 

advanced, disaggregated choice models as outlined and described below. A joint 

approach of aggregate and discrete analysis is widely used in research and policy 

analysis today.

Fischer (1993) points out that this aggregate demand modelling approach was 

criticised in the academic community due to its inflexible and static overall 

assumptions. The behavioural component of the approach was initially missing 

which made the analysis of any policy proposal much more difficult. Some of these 

objections remain valid even today and are discussed in more detail throughout this 

chapter.

1 Trip generation measures the flows of trips into and out of each zone within the urban area. Trip 
distribution assigns origins and destinations to these generated trips. Modal split captures the 
assignment of transport mode choices and aggregate shares for each origin-destination pair. Route 
assignment by mode places each mode on specific routes throughout the respective transport network 

(Meyer & Miller 2001).
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Fig. 3-1: Four stage model of the demand forecasting model 
[Source: Fischer 1993, Fig. 2-1]

Through the 1960s these aggregate traffic demand models were used to 

determine aggregate traffic flows between origin and destination zones in terms of 

zone sizes and generalised travel costs. Detailed transport planning was problematic 

because gravity models did not accurately predict mode splits, trip generation or trip 

timing very well. Moreover, the addition of a new transport mode led to inaccurate 

forecasts and general problems with the models used (McFadden 2000). Due to the 

lack of forecasting ability, a need was created to develop new travel demand models.

3.3.2 Trip-based Transport Models

In the 1970s, researchers advanced conventional consumer choice theory, with an 

emphasis on utility maximisation, and applied it to transport situations. "From the 

economic principles of consumer demand, they developed a behavioural travel 

demand model that emphasised separable utility and multi-stage budgeting, so that 

the complex dimensions of trip generation, timing, destination, and modal choice
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could be broken into manageable segments, with 'inclusive values' tying the segments 

together in a coherent utility-maximisation framework" (McFadden 2000, p.2).

The now standard approach of commuter modal choice modelling is based on 

the trip-based approach. The main assumption of this group of models is that an 

individual will choose a mode of transport that provides the most utility to him (or 

least disutility since each transport option has a generalised cost) and caused by the 

actual activity that creates the demand. If faced with a set of possible transport 

alternatives, the option with the lowest negative utility, or generalised costs, will be 

chosen by the individual. It is the evaluation of generalised costs that leads the 

transport consumer to a decision. In addition, it is likely that both mode specific and 

commuter specific characteristics will jointly determine the attractiveness of a certain 

travel option and influence decision-making.

3.3.3 Activity-based Transport Models

Alternatively, recent research has centred around activity based choice 

modelling, which assumes that a commuter will choose a mode of transport based on 

overall activities planned over the course of a day. Related activities therefore might 

influence the choice of mode instead of simply mode specific or general commuter 

specific variables.

Lu and Pas (1999) have shown that by including activity participation in a 

behavioural model, more accurate predictions can be made. In this context, the 

authors have expanded the usual framework of using socio-economic factors in the 

determination of travel modal choices. Brewer (1998) has researched the mere 

institutional implications of work design and flexible work arrangements on travel 

behaviour. Variables that essentially determine transport questions such as time, 

space, and distance are analysed in light of more flexible work arrangements and their 

impact on travel behaviour. Activity based modelling has gained acceptance in the 

academic community over the years. It is sometimes seen as the more realistic 

approach to travel demand and modal choice modelling because of the incorporation 

of additional, primarily behaviour of related factors. However, this also adds to the
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complexity of the models and the difficulty in calibrating these tools without 

necessarily increasing the odds of improving the quality of the results Qovicic 2001). 

For the analysis of the case study, a disaggregated modal choice approach was 

used. This approach allows the identification of independent variables, their relative 

significance, and the impact they might have on decision-making. Hence, the 

disaggregated modelling approach fits well within the objectives as outlined in 

Chapter 1.

The general approach and logic of these models will be outlined in more detail 

below. The specific model for the case study analysis will be introduced in Chapter 4.

3.4 Overview of Discrete Choice Theory

Discrete choice analysis is based on the principle of utility maximisation (Ben- 

Akiva and Lerman 1985). An individual will allocate his or her budget as to maximise 

the overall satisfaction or benefit obtained from consumption. The budget can be the 

individual's monetary constraint or the time devoted to a set of activities. Since the 

exact utility of an alternative is rarely known precisely and as a result the estimation 

and prediction of choices is not deterministic, the concept of random utility is used. 

The approach of random utility was first formalised in the literature in the area of 

psychology (Thurman 1927). "The true utilities of the alternatives are considered 

random variables, so the probability that an alternative is chosen is defined as the 

probability that it has the greatest utility among the available variables" (Ben-Akiva 

and Lerman 1985, pg 3.). The concept was further developed in the areas of 

mathematical psychology (Luce 1959, Tversky 1972) and in econometric applications 

(McFadden 1981, Manski 1981).

The evolution of discrete choice analysis, especially in the area of transport 

demand assessments, emphasises the individual decision-maker as the important unit, 

not the aggregate traffic flow analyses that were dominant in the literature up to this 

point. Information that would have been lost in aggregate summations can be used to 

capture the circumstances of decision-makers and develop models under the 

assumption of individual utility maximisation. This allows for the identification of 

evidence of decision-making and any important factors contributing to model choice.
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Train and McFadden (1978) developed a model of modal choice by determining 

transport decision-making as part of a goods leisure trade-off with travel time valued 

at the wage rate. McFadden (1981) furthermore expanded this theme. The author 

developed a standard utility maximising model in transport modal choice, which is in 

line with a generalised cost approach. De Donnea (1971) and Small (1982) followed a 

standard microeconomic approach by applying a direct trade-off relationship between 

goods (money) and time. De Donnea looked at four components of commuting: trip 

production, trip distribution, and modal and route choice. The study expanded by 

looking at each component in particular and its effect on a utility maximising 

approach subject to initial time and budget constraints. The author recognised that 

microeconomic models were useful but limited in nature because they stayed too 

much on the aggregate level. He concluded that it is more important to include 

individuals' preferences and decision-making in order to generate sound transport 

policies.

The general premise of these models is one of compensatory utility maximisation; 

the utility derived from a trip will be a summation of the utilities of all the trip's 

components or characteristics. Although the literature acknowledges the existence of 

alternative behavioural decision rules, it is the trade-off relationship between the sub 

components that dominates the model structure definitions. These models follow a 

generalised cost approach when explaining and predicting individual mode-choice 

behaviour. Decision-making is based on this compensatory nature and variables are 

incorporated into the decision-making process by using this particular approach. 

Decision rules are discussed in more detail in Section 3.5.4.

It has frequently been stated that this assumption may not necessarily be the 

most accurate considering the "true" behaviour of an individual, but research agrees 

that disaggregate transport demand models are fairly accurate in their predictions and 

forecasting abilities (McFadden 2000). Over the last 25 years, detailed statistical and 

econometric research has refined disaggregate modal choice models. In the following, 

the structure of these disaggregate models is discussed with emphasis of the model 

used for the analysis of the case study in Chapter 5.
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3-5 The Dimensions of the Choice Problem

When addressing choice situations, the different components that become part of 

this process need to be defined. Ben-Akiva and Lerman (1985) describe the choice 

problem as including four different dimensions. There is (1) the decision-maker, (2) 

the choice set or the alternatives among which a choice can be made, (3) the attributes 

of the alternatives and (4) the decision rule.

3.5.1 The Decision-making Unit

The decision-making unit can be defined in several different ways. Businesses 

and firms, households, families and government agencies make decisions on a daily 

basis. For the purpose of transport modal choices, it is appropriate to define the 

individual as the important decision-making unit (Ben-Akiva and Lerman 1985). 

Choices will likely be influenced by the available income, generalised cost and other 

characteristics, and it is reasonable to assume that the individual person will form 

decisions based on mode specific and personal characteristics. However, there is 

certainly also an interaction with the family situation to which the individual belongs. 

For example, the availability of vehicles within a household or the overall household 

joint income might become important decision-making variables. Even if a person 

does not own a car, it is the availability of a vehicle that is important. The same can be 

said for spouses who may only decide to work part-time but make decisions indirectly 

based on the overall family income. Discrete choice analysis nevertheless regards the 

individual person as the key decision-making unit.

3.5.2 The Choice Set

The definition of the choice set is the process by which the individual specific 

alternatives are chosen out of the overall set of all possible choices, the universal set 

(Ben-Akiva and Lerman 1985). For an individual decision-maker only the actually 

available alternatives are relevant and only the narrowly defined choice set will be 

important in the decision-making process. For example, an individual who does not
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live within the centre of the city would be unlikely to include the use of the bicycle or 

walking as feasible modal choices because of long travel distances.

3.5.3 Choice Attributes

As part of the decision-making process, the individual considers mode specific 

and personal characteristics. For example, the travel time, level of congestion, parking 

availability, public transport fare or road tolls are variables that describe modal choice 

alternatives and define the generalised cost of each alternative. Individual specific 

characteristics include the available or allocated budget, ownership of a car, location of 

residence and job, age, marital status and other personal preferences.

3.5.4 Decision-making Rules

Lastly, the choice of an alternative also requires a decision-making rule that is 

followed by the individual. Ben-Akiva and Lerman defined four types of decision- 

making rules:

Dominance - An alternative is dominant over another if it is better in at least 

one attribute and not worse in any of the remaining attributes. In other words, 

two transport modes, subway and light rail, might be similar and comparable 

in travel time and convenience but the light rail alternative is significantly more 

expensive. In this case, the subway choice can be considered as the dominant 

alternative. Considering that attributes for different modes might rank 

inconsistently, this choice rule may not necessarily produce a definite decision 

but could possible limit the choice set.

Satisfaction - When using this rule, a decision-maker defines levels of 

satisfaction for the different attributes. An alternative would then be excluded 

from the choice process if at least one of its characteristics did not meet the 

defined threshold value. Similar to the dominance rule above, this option will 

not necessarily lead to an unambiguous choice but again could lead to a 

reduced choice set.
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Lexicographic rules - This rule assumes that the decision-maker defines the 

most important attribute that will be considered for all alternatives. The option 

with the highest or most favourable value in that one category will be chosen. 

All other attributes are being ignored.

Utility - The utility rule assumes that the incremental utility obtained from 

different attributes can be summed up to the overall utility of the alternative. A 

single measure of utility can be defined for each mode and the alternative with 

the highest level of utility will be chosen (or the lowest amount of negative 

utility). In this case, trade-offs between attributes are possible; i. e. a low level 

(or even negative) level of utility caused by one attribute can be compensated 

by a very positive score of another. This approach is consistent with the notion 

of determining the generalised cost of different alternatives and making 

decisions by minimising the generalised cost of travel.

The utility based compensatory decision-making approach has become the 

standard approach by which choice decisions are analysed and it is the approach used 

for the case study analysis. However, researchers have pointed out the flaws and 

inaccuracies of this approach; specifically the fact that it is rather unrealistic to assume 

that consumers will always behave rationally and make decisions based on the 

aggregate value of all incremental utilities of an alternative. In fact, in recent years, the 

discipline of behavioural economics has become much more accepted and has 

succeeded in the development of rival behavioural theories validated by the award of 

the Nobel Prize in Economic Science in 2002 to Daniel Kahneman and Vernon L. Smith 

for research into the psychological nature of decision-making by individuals and 

markets (Bank of Sweden 2004).

3.5.5 Criticism of Compensatory Decision-making Rules

Foerster (1979) described decision-making models by referring to compensatory 

and non-compensatory structures. He reiterated that the former is an example of 

generalised cost or a type of decision-making model in which the sum of the utilities 

of each component of the model determines the overall level of utility derived from a
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decision. A non-compensatory model emphasises the importance of one particular 

factor for the overall decision. For instance, a commuter might value convenience so 

much that monetary cost, regardless of the amount, is not a determining factor. 

However, in a compensatory structure, a person bases a choice on a variety of factors 

and he or she would trade-off certain variables based on their marginal utility.

Foerster's findings suggest that most behaviour can accurately be described by 

additive (compensatory) models but his specific analysis of commuter behaviour 

concluded that lexicographic models produced the most accurate model for commuter 

decision-making. Foerster stated that car commuters are the group that can be best 

described by a lexicographic model due to the relatively low elasticity coefficients. It 

is important to understand their decision-making because, in general, planners have 

found it difficult to persuade drivers to use alternative modes of transportation for 

their commute to work. An understanding of the criteria, and the relative importance 

of these factors, would make it possible to work on transport policies that directly 

target car commuters in an attempt to control congestion. On the other hand, and this 

describes best the present situation, transport planners operate in a generalised cost 

environment, exploring trade-off scenarios under the assumption that commuters will 

change their mode of transport based on marginal changes to any of the substitutable 

factors determining their mode decision. He also suggested that the approach of 

using generalised costs in transport analysis should be expanded to include additional 

variables such as convenience or safety considerations in the generalised cost function.

Foerster (2000) pointed out that there was a lot of resistance in academia to 

acknowledging the applicability of non-compensatory approaches. The necessity of 

analysing commuter decision-making in such detail was questioned in favour of the 

adoption of a generalised cost (compensatory) approach that would approximate 

commuter decision-making well enough and produce overall reliable forecasts. 

However, at the time of his initial publication, other researchers also investigated the 

non-compensatory decision-making rules (Recker and Golob 1979).

It has been argued that decision-making based on utility maximisation ignores 

the fact that consumers might primarily be driven by impulses and that it is unrealistic 

and flawed to assume that preferences are consistent over time. Rather, human
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behaviour is much more driven by unconscious urges which make the estimation and 

modelling of decisions as well as the planning process virtually impossible, at least 

with the standard tools available to economists today (Talvitie 1997).

Messick (1999) addressed social situations and how, depending on the 

environment and perceptions, the standard models based on utility theory may not 

hold due to the underlying assumptions. He stipulated that in many cases preferences 

are unstable and beliefs far from robust which lead to primarily rule based decision- 

making with little concern for the consequences. Even though this research did not 

deal with transport demand issues per se, it further illuminated the ongoing 

discussion about the appropriate decision-making framework and models of 

individual choice.

Nevertheless, the academic community has been successful in developing 

disaggregate modal choice models based on the principles of utility maximisation. 

Some problems with this approach are apparent and are pointed out in this chapter 

but overall, the approach has achieved dominance in the literature for its overall 

soundness.

3.6 Methodology of Probabilistic Choice Theory

Probabilistic choice theory was adopted in order to compensate for the fact that 

in many cases there can be inconsistencies in the behaviour of individuals. 

Additionally, it is reasonable to assume that there is insufficient or imperfect 

knowledge on behalf of the analyst. For example, in the study of commuter 

behaviour, two individuals with identical personal characteristics may choose 

different alternatives from an identical choice set. Even though consistent decision- 

making and assumptions would require them to make identical decisions, it is still 

possible for variations to exist caused by personal perceptions, subjective factors or 

other unmeasured variables. The probabilistic process therefore allows for the 

existence of unobserved attributes of the modal choice set or the individual to enter 

the decision-making situation (Ben-Akiva and Lerman 1985).

There are two ways of dealing with probabilistic choice theory; a constant and a 

random utility approach. Ben-Akiva and Lerman (1985) described the constant utility
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approach as a model in which the utilities of the different alternatives are fixed. 

Luce's (1959) work and definition of a simple constant utility model is credited with 

initially describing the context of constant probabilistic analysis. The success of the 

constant utility approach depends heavily on the choice set. Any inclusion of related 

additional alternatives might distort the calculated probabilities in what is called the 

"red bus - blue bus" paradox. The introduction of a new travel alternative that is 

identical in all attributes except one (the colour of the bus in this case) should not 

significantly alter the resulting choice probabilities of the unrelated mode. Rather, 

commuters already using public transit should spread themselves evenly over the two 

public transit modes after the introduction. However, due to the mathematical 

structure of the probabilities, this might not be the case. This flaw violates the axiom 

of independence of irrelevant alternatives (IIA) as initially described in Luce's work.

The axiom of IIA states that the ratio of two non-zero probabilities of two 

alternatives are unaffected by the addition or elimination of other options in the choice 

set. In other words, the ratio of the probabilities of two transport alternatives is not 

affected when another transport mode is added. It is generally important to account 

for any new transport modes by deciding how closely related they are to the existing 

choices, for example as in the two colour bus example given above (Ortuzar and 

Willumsen 1994).

The random utility approach has been regarded as the more appropriate way of 

approaching these types of choice decisions. In random utility analysis, the utilities 

are assumed to be unknown and are therefore treated as random variables. Manski 

(1973) formalised and specified this approach by treating the utilities as random 

variables and pointing out four sources of randomness:

  Unobserved attributes

  Unobserved taste variations

  Measurement error and imperfect information, and

  Instrumental (or proxy) variables.

The utility of a trip alternative is determined by its deterministic and probabilistic 

component. A traveller is always assumed to choose the modal choice with the
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highest level of satisfaction. This level of utility consists of a deterministic and a 

random component. Ties between alternatives which would not lead to a decision are 

excluded. The deterministic utility component depends on two things:

  The attributes of the particular mode, and

  The individual's characteristics

In mathematical terms, for any individual n and any alternative i the total utility 

associated with a modal choice alternative can be described as

uin= vi«+ei,, (3.1)

with Vin being the deterministic component of the utility function, linear in parameters 

and ein is considered the random utility component.

The deterministic component itself has the structure of

Vin =c +bx +d, (3.2)

with c being a constant, b being the coefficient of the linear function, x being the 

personal or mode specific independent variable and d being an error term.

The choice probability can be determined assuming that data on both the 

deterministic and random components and an accurately specified utility function 

exist. It is appropriate to address a modal choice problem by defining a probability 

that an individual will choose a certain mode of transportation. Moreover, the 

probability is identical to the chance of selecting out of the entire population at 

random an individual who will choose this particular mode.

Choices between two different alternatives only depend on the difference

V. -V 
between the deterministic components of the utility function, '" '", not the actual

value of these components. More specifically, it is the difference in the deterministic 

components compared to the difference in the error terms that matters in regard to 

modal choice decisions (Ben-Akiva and Lerman 1985).

The deterministic component of the utility function captures the incremental 

levels of utility associated with the attributes of the mode and the individual
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characteristics. Hence, the deterministic component might therefore include travel 

time, travel cost, number of available cars, job location, or any other choice related 

variable. The deterministic component of the utility function is assumed to follow a 

compensatory principle based in microeconomic consumer theory (Ben-Akiva and 

Lerman 1985). The component is therefore linear in parameters, meaning that the 

utilities associated with each attribute are additively connected.

3.7 Operational Choice Models

Discrete choices in their most basic form can be reduced to merely the decision 

between two different alternatives. These binary choice situations allow for the 

development of mathematical models that can then also be expanded and applied to 

more complex decision-making situations; situations that include a larger number of 

options in the choice set. When developing the operational versions of binary discrete 

choice models, three different types of models can be developed mathematically. In 

the simplest form, there is a linear probability model. The linear probability function 

is illustrated in Figure 3-2.
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Figure 3-2: The Linear Probability Model

The deterministic portion of the utility function, V, is linear in parameters and the 

choice probability can be given as
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(3.3)

Again, it is the difference between the two deterministic components of the utility 

function and the difference between the error terms that will ultimately guide the 

decision in this case. However, the function is kinked at the two endpoints L and -L 

and this creates a systematic problem. An individual might still decide to choose a 

certain mode of transport even though there is a zero probability according to this 

model to do so (Ben-Akiva and Lerman 1985). This is a property that does not 

correspond with actual real world situations. Consequently, different models that 

avoid this unrealistic situation have been developed.

The next class of models that reflect decisions more realistically are called probit 

models, or in this case the specification of binary probit. In this model, the choice 

probabilities are never equal to zero or one. Rather, the probabilities approach zero 

and one to reflect greater and greater differences in the deterministic components of 

the utility functions. This particular behaviour is illustrated in Figure 3-3.
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Figure 3-3: The Probit Model

Probit assumes this pattern because of the assumptions made about the 

disturbances or error terms. These disturbances include the aggregation of a large 

number of unobserved attributes of the respective modes. Using the central limits 

theorem, it can be stated that the disturbances will tend to be distributed normally
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under these conditions assuming the sample size is large enough (Ben-Akiva and 

Lerman 1985). The choice probabilities can then be formulated as

(3.4)

with ®() denoting the standard cumulative normal distribution.

Ben-Akiva and Lerman (1985) point out that it was Lisco (1976) who provided 

one of the first transport demand analysis applications by studying and modelling the 

commuter behaviour in the Greater Chicago area using probit modelling techniques.

Due to the distribution of the disturbances, logit models have been regarded as 

more appropriate and easier to calibrate than probit models. These types of models 

assume that the error terms follow a logistical distribution. Probit models also do not 

possess a closed form so that the desired choice probabilities need to be expressed as 

integrals. This has further led to the adoption of logit models for modelling purposes 

(Ben Akiva & Lerman 1985).

The choice probabilities for binary logit can be formulated as

Formula 3.5 captures the binary logit case. The model can easily be expanded to 

include a larger choice set by expanding the denominator of the formula. The logit 

model has become the standard application and tool allowing researchers to analyse 

commuter modal choice decisions. More advanced and complicated specifications of 

this model have been developed, for example by including nested decisions, but for 

the purpose of this investigation the classical logit model has been calibrated. For the 

case study described in Chapter 5, a multinomial logit model, a model that assumes 

multiple alternatives in the choice set, was calibrated based on data obtained in the 

Boston area. The specific nature of the model is described in Chapter 4.

Logit models have been used widely in the analysis of transport modal choices as 

well as other areas such as energy demand, telecommunications, health care and the
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environment. The switch to other research areas was primarily a function of the 

reallocation of research funds by the Federal Government (McFadden 2000).

One of the first applications of this approach was completed by Domencich and 

McFadden (1975). Their study estimated a binary choice logit model using data 

collected from commuters in the Greater Pittsburgh area. Variables that were 

included in the analysis included the race, occupation and number of available cars for 

the respective respondents as well as mode specific data such as transit walk time, 

auto in-vehicle time, transit travel time, and cost components such as transit fares and 

parking charges. The calibrated model explained the data very well, especially in the 

ability to predict the chosen transport mode by the respondents.

Nevertheless, criticism has been voiced in regard to the usefulness and 

appropriateness of linear logit models in transport modal choice situations. Oum 

(1979) pointed out that due to the strict assumptions and rigid restrictions, the results 

of these studies might be tainted with severe irregularities and inconsistencies.

The use of logit models prevailed regardless, and transport demand analysis 

remained a focal point of this type of models. Over the last decade, researchers have 

become more and more aware that individuals do not always behave rationally and in 

their best, utility maximising interest. So adaptations of logit and probit models have 

been used to model more complex human behaviour.

3.8 Review of Case Studies

There is an extensive body of research that addresses commuter behaviour and 

modal choice situations. In the following, a selection of these studies is reviewed in 

order to develop a sense of which variables or decision-making factors have been 

shown to be significant in different research environments. The review of the existing 

case studies has been grouped by the type of variable that is largely determined as 

being influential in modal choice. Most studies have not differentiated by the route, 

i.e. radial or orbital, chosen by the commuter and so the review of the literature is not 

structured to account for this difference.
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3-8.1 Socio-economic Characteristics of the Traveller

Curtis and Headicar (1997) pointed out that age is one of the main determinants 

in the choice of commuters to use cars in favour of public transportation. In 

particular, their study looked at the behaviour that leads to car dependency and how 

people can be influenced to switch from car usage to other modes of transportation. 

Based on data collected in Oxford, they found that the individual most likely to switch 

is male, in his 30s, and, most importantly, undertakes a short commute of 5 miles or 

less. Overall, the factors that are identified by Curtis and Headicar cited in their study 

are as follows:

  Familiarity with public transport

  Location (City residents are less likely to be car dependent)

  Age (commitment to cars is higher among young people and seniors)

  Free Parking

  Length of trip

  Type of work (Part time vs. full time),

Part-time employees seemed to be less likely to consider changing from the use of 

the car to the use of public transport. The authors identified convenience and doubts 

about public transport as the main deterrents for a switch. Additionally, it was found 

that 92 percent of the solo car commuters had free parking available to them, mostly 

provided by the employer. Even though it is a cost item generally incorporated in the 

generalised cost of a mode of transport, free parking or the elimination thereof did not 

appear to cause any change in commuters' susceptibility to change. Overall, decision- 

making was determined to be relatively unresponsive and the study found that 

concerns about public transport are the main reasons for the hesitancy to switch away 

from individual car use.

Turner and Niemeier (1997) addressed the Household Responsibility Hypothesis 

(HRH) in a transport situation, which states that women, due to their added 

responsibilities of bringing up children and dealing with household work, are more 

likely to have shorter commutes than their male counterparts. The authors stated that 

the length of an individual's commute was a function of wages, house prices, income
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and related variables. As a result, workers resided in rings around the CBD according 

to their income, with higher income groups living further away. The paper presented 

a variety of studies explaining and summarising gender differences. Although 

evidence is not always present in every experiment, family commitments and children 

seemed to cause women to have different commutes than men. A test on 1990 

National Personal Transportation Survey data concluded that evidence for the 

existence of HRH can be found: on average, women had shorter commutes than their 

male counterparts. However, the study did not differentiate between different modes 

of transportation and was limited to the actual time, distinguished by gender, which 

was spent on the daily commute.

Trip scheduling was the focus of Small (1982) and his study of work trip 

scheduling. He refers to the impact of socio-economic factors on commuter decisions, 

i.e. scheduling behaviour. More specifically, he identifies factors such as family status, 

occupation, and employers' policy towards work-hour flexibility as the main 

determinants for commuter decision-making in this context. Small concluded in his 

research that decision-making was carried out and that different trade-off behaviour 

will be found within different commuter groups.

3.8.2 Habit

Travel modal choice has also been analysed in light of human habit-forming 

behaviour. Aarts (1996) pointed out that mode decisions are mostly made by 

weighing pros and cons of an alternative with the inclusion of a factor such as habits 

that have been formed in the past. Aarts gave reference to Foerster (1979) and stated 

the usefulness of lexicographic (non-compensatory) decision strategies in transport 

situations. Nevertheless, he also described the general compensatory or additive 

approach and came to the overall conclusion that individuals make their transport 

mode-choice decisions based on past experience. Since commuting is a repetitive 

activity, the research concluded that individuals will be led by prior decisions and 

consequently spend less and less time, and therefore employ less and less complex 

mental strategies, making a decision about their modal choice. Less and less active
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decision-making takes place for commuters who did not change their personal or 

professional circumstances.

The position that habit is one of the main determinants of mode-choice behaviour 

seems to be reasonable in the light of the repetitious nature of commuting. 

Nevertheless, one would assume that at one point a commuter first encounters his or 

her transport modal choice set and goes through a mental process based on the 

attributes of the mode and his or her preference map and socio-economic 

characteristics. It is therefore conceivable that, in spite of the fact that habit exits, it is 

simply a manifestation of an initial decision that was reached using a certain 

behavioural model. Furthermore, one can argue that a commuter re-evaluates a 

situation depending on changes in any of the circumstances that shape his or her 

commute to work, i.e. increased toll on roads, changes in train schedules or 

improvements in public transport.

Gaerling (1998) expanded on the issue that commuting may be regarded as an 

example of repetitive behaviour. He described commuting as an example of 

automated behaviour, making preceding deliberate decisions about mode or route 

choice virtually irrelevant. He pointed out several severe limitations of travel 

modelling such as the unavailability of data to describe actual preferences, the 

inconsistency of people's preference and the failure to consider factors such as risk 

and certainty in travel choice modelling. Gaerling acknowledged the importance of 

habits and the existence of plans in modal choice behaviour.

3.8.3 Availability & Cost of Parking

Wilson and Shoup (1990) reviewed the relevant literature on parking and its 

effect on car commuting. Their review demonstrated the strong positive relationship 

between employer provided parking and solo commuting by car. The effect was 

measured in three ways: (1) by looking at the share of commuters who drive to work 

alone; (2) the number of cars driven per 100 employees; and (3) parking price elasticity 

of demand. The authors conducted comparisons of programs that included the 

introduction or elimination of parking charges or employer subsidies and the 

provision of parking benefits and subsidies by private employers. They found that an
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elimination of subsidies caused a 19-81 percent reduction in the number of solo 

drivers. The results were based on four areas in Los Angeles as well as data collected 

for downtown Ottawa.

Parking and its subsidised or free provision to employees by employers has been 

identified as one of the key issues affecting commuter modal choice decision. Overall, 

most car commuters receive a form of parking subsidy. Referring to Shoup and 

Pickrell (1980), it was estimated that 93 percent of all auto commuters did not pay for 

parking themselves. Shoup (1995) pointed out that based on data in the 1990 

Nationwide Personal Transportation Survey, more than ninety percent of car 

commuters park free of charge at their work location. These estimates were found to 

be true regardless of the level of education, annual income, sex, race or age of the 

commuter. Overall, it was estimated that approximately two-thirds of all peak period 

commuters receive a parking subsidy which could cover the entire cost of parking. 

Eliminating these parking subsidies shifts the cost from the employer to the 

individual. Shoup estimated that based on data collected in Los Angeles, Washington 

D.C. and Ottawa, the modal share of individual car commuters would decline by 25 

percent when employer contributions are eliminated or not provided. In the study, 

the average share of individual solo driving fell from 67 percent to 42 percent. When 

considering all vehicles and not just solo driving, the impact was slightly less than 20 

percent.

Shoup (1997) analysed eight case studies of companies in California and how the 

ability to cash out the employer-provided parking benefit can significantly alter modal 

choices. He concluded that it is much more effective to subsidise individuals directly 

than their parking options. Based on data presented in the study, the number of solo 

commuters, both radial and orbital, fell on average by 17 percent after the employees 

had the option of receiving a (taxable) cash payment in lieu of the pre-tax parking 

benefit. At the same time, the number of carpoolers increased by 64 percent and the 

volume of commuters using public transit increased by 50 percent. There was a clear 

shift away from the car and towards other modes of transport and evidence of 

decision-making among commuters was identified. Shoup also addressed the issue of 

how commuters to the central business district (CBD) might change. Dasgupta et. al.

47



(1994) analysed data from five British cities. In all five cases, parking charges in the 

CBD were doubled. On average, trips by car decreased by 17 percent while bus and 

rail or walking increased by 10 percent. Again, parking appeared to have a very 

strong impact on the modal choice behaviour of commuters.

In related research, Shoup (1997,1999) drew the connection between parking and 

land use. Considering that in most cases, land use regulations stipulate minimum 

parking requirements and developers essentially end up paying for the provision of 

parking spaces, an imbalance is created. This leads to car dependency and urban 

sprawl. In regard to modal choice behaviour, it was again the provision of free 

parking that caused drivers to use their cars instead of alternative modes of 

transportation based on the conducted research.

In a study for the Montgomery County Department of Public Works and 

Transportation (Potomac Survey Research for Montgomery County 2000) the 

behaviour of single occupancy vehicle commuters was investigated. Essentially, the 

study attempted to find out which travel demand measures might persuade car 

commuters to choose alternative transportation means instead. The study found that 

even though congestion was perceived as a major problem, car commuters were still 

unlikely to shift mode because of the convenience, freedom and flexibility that the car 

provides. In addition, the cost of this mode of transport (at least the sum of all out of 

pocket expenses) was regarded as significantly lower than any other modal choice. 

The investigation also pointed out that one of the main reasons why car travel is so 

attractive is the free or subsidised parking options that are provided by employers in 

the area. This is clearly consistent with the work completed and findings reported by 

Shoup (1980,1995,1997). In addition, public transport was viewed as slow and little 

knowledge about other, non-car, modes of transit existed among car commuters.

Hess (2001) investigated the effect that free parking had on commuter modal 

choice decisions in Portland, Oregon. The study used a previously collected data 

sample containing 4,451 commuters and their respective travel activity journals. The 

study estimated a multinomial logit model using three overall categories of variables: 

price variables, land use variables, and household resource and taste variables. The 

review of the data did not show a clear relationship between the amount paid for
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parking and the percentage of commuters using cars. However, the model strongly 

predicted that by raising the parking cost paid by the employee as well as improving 

service quality of the public transit system, the share of solo car commuters could be 

significantly reduced. In fact, the study quantified this effect and concluded that a 

daily parking charge of $6 would result in 21 fewer cars driven for every 100 

commuters in the sample as compared to the provision of free parking to commuters. 

The study therefore showed evidence of decision-making by consumers based on a 

change of an external variable, in this case parking costs. Additionally, parking and 

the provision thereof were identified as one of the key decision-making variables 

when dealing with commuter modal choice behaviour.

3.8.4 Transit Fares and Service Quality

Cervero (1990) analysed in detail the responsiveness of transit users to changes in 

fares, service, quality and cross-price factors based on a comprehensive review of the 

existing literature. In general, riders were insensitive to changes in fares, or the 

structure of fares, i.e. differentiated pricing in different zones, pricing by length of trip, 

or by time of day. However, riders were approximately twice as responsive to a 

change in travel time as they were to a change in fares. However, it seemed that 

public transport users were most sensitive to a change in service quality (which might 

include time or frequency of trains, depending on the definition). The study also 

found that cross-price elasticities of fares on car ridership were negligible. On the 

other hand, higher car prices had a considerably greater effect on car ridership. In 

general, responsiveness among public transport users was disparate between different 

groups, differentiated by socio-economic characteristics or type of service, but similar 

within their own group.

Goodwin (1993) stated that transit policies such as frequency changes, quality of 

service or, to a certain extent, even price, affect transit use and related modal choice. 

In this sense, transport pricing policies such as fares, associated parking along 

commuter rail systems or transit densities and frequencies affect commuters. 

Goodwin (1993) studied six surveys undertaken in Yorkshire since 1972 and pointed 

out that public transport had an influence on car ownership. This was especially the
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case in households with multiple vehicles. The quality of public transport service was 

a direct factor explaining these variations and impacted the usage of transit service.

3-8.5 Time & Income Constraints

An important variable that not only affects overall travel demand functions but 

also individual commuter behaviour is the amount of money or time that an 

individual regards as the commuting budget. Originally, Zahavi and Ryan (1980) 

theorised that commuters treat time and money budgets similarly as constraints in 

their decision-making process. Based on data collected in the 1970's, Zahavi and Ryan 

estimated the commuting time budget as approximately equal to 1.1 hours. Zahavi 

and Talvitie (1980) further developed and discussed this concept. Their study 

supported the initial notion of stable travel time and expenditure budgets for most 

urban commuters. Based on their findings, these budgets were transferred and 

applied to different metropolitan areas. Commuters in different metropolitan 

environments appeared to follow similar trends in this regard. Schafter (2000) 

confirmed the view of constant time budgets by reviewing more recent data for urban 

commuting situations across a variety of countries. Urban areas included in this study 

were located in the United States, Japan, Western Europe, Southeast Asia, India, 

Nepal, and several African countries. Strong regularities existed across the two travel 

budgets, time and cost, across space and time for all countries examined by the author.

Based on a generalised cost approach, it is likely that different groups of 

commuters separated by their incomes will show different behavioural decision- 

making patterns. Vickrey (1969) described this issue by distinguishing between the 

high value and low value user of transport infrastructure. On the other hand, 

different income groups also showed different price and cross-price elasticities of 

demand. The magnitude of elasticities was determined, among other things, by the 

share of transportation costs in the commuter's budget. Since the higher the income 

the smaller the share of transport costs, income is a significant variable that 

determined commuter behaviour and transport modal choices.
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3-8.6 External Environmental Factors

Khattak (1997) looked at the impact of adverse weather conditions on the mode 

and route choice by commuters. In general, modal choice was discussed as a function 

of the level of service represented by variables such as cost and time requirements, 

characteristics such as income or car ownership, locational factors and work 

constraints. However, behavioural changes, i.e. changes in the way commuters 

employed mental models to form decisions, could be observed in case of unexpected 

events. Adverse weather conditions were an example. Khattak used the example of 

commuters in Brussels and observed a relatively stable pattern in commuters' modal 

choice. The author concluded that travel behaviour depended on personal and 

household attributes (adjustment to unforeseen events), trip characteristics, situational 

factors, and weather and travel information. An ordered probit model was estimated 

as part of the analysis. Approximately 50 percent of the car commuters changed some 

aspect of their trip (departure time, route, or mode) due to adverse weather 

conditions. Most changes occurred in the travel patterns (departure time and route 

choice) rather than the mode of transport. Adverse weather conditions therefore had 

only a small effect on modal choice.

A study addressing the culture and beliefs of urban commuters in large cities in 

the US was completed by the Wage Works Center for Commuter Studies. WageWorks 

is a human resource benefits management firm. One of its primary activities is the 

implementation and operation of commuter benefit plans such as pre-tax transit 

passes and annual ticket options. The study compared data collected through a web 

based survey from 747 respondents in five metropolitan areas: San Francisco, Los 

Angeles, Washington D.C., New York, and Chicago. The study compared the 

characteristics of public transit and car commuters and their respective preferences. 

The study asked questions about the commuters' income, budget, journey time, 

satisfaction with public transit options, and the employer programs provided such as 

annual rail tickets or other benefits.

Generally, public transit commuters stated that they desired better quality 

service, i.e. more frequent service, better connections and cleaner stations and trains.
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Privacy was a factor that received frequent mentioning but it was not stated as being 

significant enough to persuade public transport users to switch to the car instead. In 

case of car commuters, the study found that only 34 percent of commuters would use 

it as their "ideal" mode, indicating the perceived lack of alternatives (Wage Works 

Center 2003).

3.8.7 Trip Scheduling & Chaining

Mahmassani et. al. (1997) reported that since 25 percent of sampled commuters 

make at least one non-work stop during their commute, the issue of trip chaining and 

scheduling was directly linked to a commuter's modal choice. The study was based 

on detailed two-week journals by a sample of car commuters in Austin, Texas. In a 

different study, the author addressed the timing and path of the commuter's trip to 

work and their significance in understanding commuter behaviour (Mahmassani 

1997).

Caplice et. al. (1997) analysed commuter behaviour in Austin, Texas in the 

context of trip scheduling and trip chaining issues. The authors generally attempted 

to show that commuters were more unstable in their choices than previously assumed. 

The econometric analysis of commuter data showed that commuting decisions, in this 

instance trip scheduling and chaining, were correlated to socio-economic factors or the 

length of the commute in relation to the time spent at work. Factors were determined 

that determined commuter decision-making.

3.8.8 Availability of Information

The role of information has been investigated as a key component in current 

demand management policies. These information-based policies include real-time 

traffic data made available to travellers, changeable lane assignments, metering of 

access to motorways, road weather information systems, or variable speed limits. 

Sinuany-Stern et.al. (1999) pointed out that, based on a study of commuters in Israel, 

information alone did not suffice to reduce traffic congestion and shift commuters 

towards public transit and out of their private vehicles. There were significant 

limitations in regard to the usefulness of the information to the commuter and even
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though the overall system or network performance could be improved, this was not 

the case during peak period travel.

3-8.9 Transport Prices & Generalised Cost

Bhattachearjee et. al. (1997) undertook a study dealing with commuters' 

responses to travel demand measures in Bangkok. The author calibrated an ordered 

probit model based on data that was collected using survey responses to Likert scales 

from Bangkok commuters. The study showed that based on separate income groups, 

reactions differed considerably across the range of individuals commuting to work. 

Differences were observed between commuters employed by privately and publicly 

owned companies. As one might expect, fiscal measures, such as congestion charges, 

were rated least favourable while improvement in public transportation and ride- 

sharing schemes came in most favourable. Nevertheless, the large discrepancies 

within income or employment group stressed the fact that commuters employed 

different behavioural strategies, had different preferences and experienced different 

generalised cost patterns.

Huang et.al. (2000) investigated the economics of carpools and which factors and 

variables might primarily affect commuters who chose this transport mode. 'Based on 

logit-based models, the study found that fuel costs, value of time, preferences, and 

traffic congestion affected this modal choice most strongly. As one of its main 

findings, the study pointed out that an externality-based tolling scheme can increase 

the modal share for carpool commuters. In order words, solo car commuters showed 

evidence of on-going decision-making when forced to internalise the cost of using the 

car. By paying a toll, they were quite likely to switch to car pooling as a result

Li and Wong (1994) analysed the city of Hong Kong's congestion tolls for its mass 

transit system, the so called "Revenue Neutral Peak Pricing Policy". The policy was 

imposed in order to curb congestion during the rush hours and to divert commuters 

to a longer, but less frequented routes into the city. Overall, the policy worked by 

reducing congestion, showing an overall responsiveness of commuters to fare 

differentials but the regression analysis showed that fare differentials might not 

always be statistically significant in decision-making. It was concluded that this was
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the case because incomes for commuters on average are quite high so that fares, even 

when including congestion tolls, were only a small percentage of a commuter's 

budget. Specifically, income, habit and journey time were the variables that were 

significant for the route choice decision of commuters. Even though the Hong Kong 

case did not describe a direct modal choice behaviour, it did relate to route choice 

among public transport users which might turn into a modal choice example if the 

two transit lines are defined as two different alternatives, independent from each 

other.

3.8.10 Traffic Congestion

Mokhtarian and Raney (1997) analysed data collected in San Diego, California. 

The authors identified requirements and frameworks for individuals changing their 

responses to congestion, i.e. altering their modal choice. For instance, a commuter did 

not only need a constraint but also a drive to generate a change in behaviour. This 

simply meant that in case of a congested commute, eliminating the constraint, i.e. 

lowering the cost only generated a change if there was also the drive, i.e. the 

motivation, for instance, to change personal circumstances (increased leisure time for 

example), to do so. Primarily, the study found that commuters adopt new decision- 

making strategies towards congestion based on their cost structure, meaning low cost 

changes are adopted before high cost adjustments. Nevertheless, there were 

significant differences based on the socio-economic group of the commuter in 

question. For example, women were consistently more likely to adopt new travel 

strategies as a result of congestion. The same could be said for two-adult households 

without children compared to households with children. The highest income groups 

were more likely to adopt a different transport strategy such as working remotely 

from home or altering their work trip departure time in order to avoid congestion. 

The study also found that the time passed since making the modal choice is important. 

Again, commuters might be influenced by habitual behaviour, comparable to the 

findings by Aarts (1996).
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3.8.11 Research on Boston Metropolitan Area

The area of commuter behaviour in Boston has not been comprehensively 

researched in the recent past. Nevertheless, an on-going effort is underway to 

understand and assess overall transport infrastructure issues by public authorities, for 

example the state of Massachusetts and the Massachusetts Bay Transport Authority. 

The majority of the research has been carried out by the Central Transportation 

Planning Staff (CTPS) mostly covering areas such as rail extension feasibility studies, 

fair mix studies, surveys of public transit patterns and annual reports for the 

Congestion Management System (CTPS 1997,1997a, 1998,1998a, 1999, 2001, 2002, 

2002a, 2003, 2004). Some of the conclusions and findings of these reports are discussed 

in the case study section (Chapter 5) of this investigation. Only a limited number of 

academic studies addressing this geographic area could be found.

Gomez-Ibanez and Fauth (1980) studied the impact of auto restraint policies in 

downtown Boston and developed a set of proposed congestion reducing transport- 

pricing policies. The authors identified road pricing as one of the more effective 

traffic demand management tools available to planners. Pricing was identified as a 

way to alter decision-making. The authors identified the problem of increasing 

congestion and stated the following three types of policies to curb congestion: (1) a 

total access ban (for cars) to the CBD; (2) a reduction of the supply or an increase of the 

price of parking; and (3) congestion tolls and area licenses. The aim of their study was 

to predict the impact of each of these policy tools on Boston commuters. Based on the 

study, area licenses, or charging drivers for access to a section of the urban area, were 

seen as having the greatest impact on commuter behaviour. Net benefits overall were 

found to be positive, first increasing with additional levels of restraints and then 

levelling off. The authors also expanded their analysis by looking at the non-transport 

benefits and costs such as environmental effects, administrative costs, and the 

competitive position of the CBD. However, considering the date of publication, some 

of the assumptions clearly have to be revised and modified in order to apply the 

developed framework to the situation in Boston today. Nevertheless, the factors 

identified as being influential in modal choice are likely to be similar today.
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Berry and Gillard (1997) studied the pattern of commuting over time and found 

that outer suburbs have increasingly detached themselves from the CBD, i.e. more and 

more commuting occurs within suburbs than to and from the central business district. 

This has caused a number of traffic problems such as increased congestion along the 

two ring highways around the city. Hence, an increased effort has been made to study 

traffic patterns and to encourage commuters to leave their cars at home in favour of 

public transit options. Meyer (1990) developed a 4-step strategy to deal with 

congestion in Massachusetts in general: (1) Improvements of transport systems, i.e. 

infrastructure; (2) managing transportation demand; (3) long-term avoidance 

strategies, and (4) institutional arrangements and funding requirements. Pratt (1988) 

pointed out in reference to subpoint (2) that there is the potential to reduce peak 

period travel by 10-15 percent due to aggressive policies including parking fee 

modifications and road pricing.

Several studies dealt with the estimation of elasticities of transport alternatives in 

the Boston area. Nash (1982) presented different elasticity estimations for work trips. 

In particular, he stated that the rail fare elasticity as -0.19 and the cross-price elasticity 

of car use with respect to transit fares as 0.14. Both coefficients indicate the relative 

inelasticity of demand. In other words, commuters were not very responsive to 

changes in rail fares in regard to ridership on this mode and use of the substitute 

good, the car. In case of this study, a 10 percent increase in rail fares decreased 

ridership by 1.9 percent. The same percentage increase in rail fares increased car use 

by 1.4 percent. Bhat and Pulugurta (1998) estimated the elasticity of household 

ownership decisions in regard to the size of the household, annual income, residential 

location and housing types using ordered-response logit and multinomial logit 

models.

It is important to address congestion with adequate policies before it becomes too 

much of an economic strain on a city. Economic costs, especially in the form of travel 

time delays and wasteful energy consumption, are estimated as being significant 

(Schrank and Lomax 2004). Other recent studies have shown the impact that 

congestion can have on the competitiveness of a state and ultimately its economic long 

term viability. Labour markets in New England are characterised by flexibility and
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worker mobility. Increasing traffic and congestion costs might therefore erode the 

economic competitiveness and ultimately affect the states, and potentially the entire 

region's economic growth (Goodman et. al. 2004). In addition, increasing congestion 

will also affect a regional economy by reducing investment opportunities or the 

attractiveness thereof. Firms have to absorb increasing transportation costs and 

therefore may be less likely to use available capital for investment and expansion of 

business operations. Higher transportation costs might also impact economic growth 

and ultimately employment (Cambridge Systematics 2004). The implementation of 

adequate travel demand policies might allow the City to address these issues and 

develop solutions to these concerns.

Policies should be selected to achieve a change in the modal split so that car 

commuters switch to other more sustainable forms of transportation. However, in 

order to design appropriate policies, the decision-making factors guiding solo-car as 

well as other commuters need to be clearly understood. The research presented in this 

dissertation can serve as a useful guide.

3.9 Summary

This chapter described the overall approach used in choice theory and the 

detailed application to the field of transportation. Transport mode decisions can be 

viewed as discrete and the research community has developed widely accepted 

models that allow for the use and analysis of disaggregated data. A random utility 

approach is chosen in order to reflect any inaccuracies in the data collection, missing 

information on behalf of the researcher, or any other inconsistencies that are difficult 

to measure. Probit and logit modes have been calibrated and frequently used in the 

analysis of commuter modal choice decisions.

The overall objective of this investigation is to identify variables that have an 

effect on peak period modal choice. The chapter therefore presents a comprehensive 

selection of studies outlining different variables and factors that have been 

documented to influence and determine commuter behaviour in other urban areas or 

circumstances. Some of the case studies addressed policy issues, i.e. strategies that 

target congestion, and to what extent different variables might be more appropriate to
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reshape commuter choices. Policy recommendations of a similar nature but based on 

the findings in this study are outlined in Chapter 7. A selection of research derived 

from data on the Boston area was also presented.

The literature review has shown the limitation of current research on modal 

choice behaviour in the Boston area. Most of the work being completed was 

commissioned by the local transit authority or planning agency and therefore is 

focused on public transport or the overall transport system. A comprehensive review 

of current modal choice decision-making is lacking. This investigation provides a next 

step in the understanding of commuter behaviour in Boston and adds to the transport 

debate by identifying decision-making variables; factors that likely are not only 

relevant for Boston but also for other urban areas in the United States and Europe.
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CHAPTER 4 

CASE STUDY METHODOLOGY

4.1 Introduction

In Chapter 3, several different decision-making models were discussed as well as 

a general overview of choice theory and its microeconomic foundation. For the 

analysis of the case study in Chapter 5, one methodology and quantitative modelling 

approach was chosen and is discussed below. As outlined in the research objectives in 

Chapter 1, the approach of the study is to deal with peak hour, commuting trips only. 

Non-work trips are less concentrated around the early morning and evening hours but 

rather spread out more evenly over a 24-hour period. Little variability in work trip 

scheduling is to be expected. In order to derive a better understanding of peak period 

commuting, modal choice decisions need to be analysed in regard to the factors that 

determine decision-making by the individual. The chosen methodology outlined in 

this chapter allows the identification of these factors on an individual basis and the 

analysis of any decision-making taking place among peak hour commuters.

4.2 Overall Research Approach

In order to analyse decision-making factors, a quantitative rather than a 

qualitative approach has been used. Qualitative research collects very detailed data 

from a small group of subjects whereas quantitative research collects data from a 

larger group. However, the level of detail in the data collection process is limited 

when quantitative research is performed (Veal 1997). Generally, qualitative methods 

include comprehensive interviews or focus groups with research subjects. 

Quantitative methods include the design of questionnaires and the collection and 

analysis of a large data set. In case of the commuter modal choice analysis contained 

in this study, the objective was to obtain an assessment of which factors play a role in 

decision-making and to what extent decision-making exists among peak period 

commuters. The group of commuters travelling during peak periods in any urban
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area numbers in the millions. It is therefore important to collect a representative 

sample from this large population which requires a more quantitative research 

approach. Qualitative techniques would only be appropriate if the group under 

investigation was relatively small and the design and administration of a 

questionnaire would not be feasible.

Data was collected through a survey process. The application of the survey is 

again a function of the quantitative research methods due to the large groups of 

subjects, the peak period urban commuters that are the focus of this investigation. In 

order to limit the group of commuters and be able to derive meaningful results, one 

urban area was selected as the case study. By focusing on one area, in this case 

Boston, Massachusetts, a detailed analysis was conducted that also took into 

consideration some of the unique local features of the transport system and urban 

design.

The strength of this type of analysis lies in the ability to incorporate local 

knowledge by the researcher and a familiarity with the area. Urban areas have some 

unique characteristics and, therefore, it is probable that the understanding of these 

features will add to the validity of the research findings.

The problem with using a case study approach is the potential limitation of 

transferability of the results. In other words, findings and conclusions taken from this 

case study might not be directly transferable to other urban areas in Europe or the 

United States because of the unique character of this case. This also applies to the 

calibrated modal choice model that has been used. It would be desirable to transfer 

the model itself to another urban area for analysis and forecasting purposes but 

considering some of the limitations described above it is unlikely that this is possible. 

Nevertheless, a more qualitative transfer of the modelling results can likely be 

considered.

4.3 Quantitative Methodology used in Investigation

For the analysis of the case study, the multinomial logit (MNL) model, an 

extension of the binary logit model as described in Section 3.7, has been used. The 

decision to apply this methodology has been made for several reasons. In short, the

60



MNL model allows for multiple modal alternatives and the definition of a large set of 

decision-making factors that are either traveller or mode specific. The model 

determines any significance and influence on the overall modal split among these 

defined variables. The objective of identifying the relative importance of decision- 

making variables can therefore be accomplished with this type of model. In addition, 

changes in the underlying variables can be measured and resulting modifications to 

the modal split estimated. Hence, the model is appropriate for the analysis of 

commuter decision-making because of its overall properties and the ability to measure 

changes in the modal split among travellers as a result of a change in a significant 

policy variable.

MNL models were used in similar circumstances in previous studies. In one of 

the earliest applications of MNL models and a seminal contribution to research, 

McFadden (1974) analysed the relative importance of decision-making variables and 

changes to modal choice data by using data obtained from the San Francisco Bay Area. 

The purpose of the analysis was to analyse commuter travel behaviour as well as to 

predict the ridership of a new mode of transportation, the Bay Area Rapid 

Transportation System (BART). A total of 213 households were selected as the final 

sample group. Data was collected before and after the opening of BART from the 

identical sample of commuters. Prior to BART opening, 78 percent of the sampled 

commuters chose to use the car as their daily mode of transportation. The original 

choice set consisted of four transport alternatives. Two BART modes were added after 

the opening of the new system and the share of commuters expected to be using 

BART was estimated based on the initial model calibration. The collected data 

allowed for a detailed definition of explanatory variables listed in part below:

  Travel cost (Fares, Petrol, Parking) divided by Household Income

  In-vehicle travel time

  Walking time

  Transit headway (up to 8 minutes)

  Transit headway (more than 8 minutes)

  Transfer waiting time

  Cars in the traveller's household for drive-alone
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  Cars in the traveller's household for carpool

  Disposable income for drive alone and carpool

  Seven dummy variables for factors such as head-of-household, workplace 
location in CBD, primary worker in household, etc.

Overall, the MNL model was calibrated well in this case and predicted BART 

demand accurately. Whereas the model estimated BART transit demand to be 6.3 

percent as a modal share, the actual demand was observed as 6.2 percent a year after 

the introduction of the new mode.

The study identified travel cost and travel time as the most significant variables 

in modal choice for this group of commuters. Other variables did not have large 

impact on commuter decision-making, according to the data. In addition, the study 

also provided evidence of commuter decision-making after changes to policy variables 

were made by addressing the elasticities of demand. It was found that in order to 

increase public transit patronage, car costs would have to increase by ways of 

imposing taxes or changing parking charges. The elasticity coefficient found was 

equal to approximately 0.5 in this case.

The objective of this research is to (1) identify the key variables influencing 

commuter modal choices in peak periods and (2) their relative importance based on an 

analysis of a case study of commuters in Boston, Massachusetts. Due to the defined 

goal of the study, the multinomial logit model is a good fit for the analysis. It allows 

for the analysis of variables on an individual basis, and it is further capable to assess 

the importance of these respective variables. The model was chosen because of the 

way that individual independent variables can be designed and included in the 

calibrated model, the resulting modal split, and the way with which the model can be 

applied to the collected data. As described above, studies in the past have successfully 

used similar MNL models. Hence, the model can be used for the analysis of the 

collected data on Boston area commuters as described in the case study. In the 

following, the detailed modelling approach is presented and discussed in regard to its 

application to the actual case.

In Chapter 3 the methodology of the logit model was introduced by discussing 

the binary logit case. Increasing the number of alternatives or possible modal choices
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yields a more complex but similar structure. The structure, assumptions and 

methodology of the MNL model is addressed below.

4.3.1 Multinomial Logit Model

The MNL model is a discrete choice analysis tool based on probabilistic theory. 

Again, it is assumed that the utility function consists of a deterministic and a random 

component. The utility function can be specified as

U, = "• "'•", (4.1)

with '" being the deterministic component of the utility function, linear in parameters

and e'n being the random utility component.

Under the assumption that the components of U are independently-identically 

distributed random variables, independent of the vector of explanatory variables as 

well as following a special case of the Generalised Extreme Value, or Gumbel, 

distribution (Ben-Akiva and Lerman 1985), the MNL formula for choice probabilities 

can be specified (Domencich and McFadden 1975) as:

- (4 '2)

The model as illustrated by equation 4.2 is the specification that will be used for 

the case study analysis. It is a one-level, non-nested model with a defined choice set 

and group of independent variables. A non-nested structure assumes that the modal 

alternatives are not dependent on each other in that one option needs to be chosen 

first before others can be selected. For the purpose of this study, the variables 

determining modal choice and any decision-making processes were the main 

objective. Consequently, it was sufficient to limit the model to a standard specification 

without, for example, a nested decision tree for public transit users. In that case, a first 

decision would include merely public transport whereas a second level choice would 

include all available public transport alternatives such as the subway, commuter rail, 

bus, or commuter boat.
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The underlying utility function is assumed to be consistent with equation 4.1 and 

the choice set and attribute and commuter specific variables were defined based on 

the available data. Please see Chapter 5 for a detailed discussion of the variables and 

methods used in the case study.

The model satisfies the axiom of IIA or, in other words, that the ratio of choice 

probabilities of any two alternatives is independent of the existence or absence of any 

other probability. This property was initially developed and discussed by Luce (1959) 

as introduced in the literature review.

The estimation procedure used to develop the calibrated version of the MNL 

model is a maximum likelihood technique. In an iterative process, by initially starting 

with a set of arbitrary values for the model parameters, the set of parameters is chosen 

that maximises the likelihood that it describes the sampled data (Ghareib 1996). Train 

(2003) outlines the process by which the log-likelihood function is developed. 

Specifically, the probability of a commuter choosing the mode that he or she was 

originally observed to be selecting can be described as

(4.3)

If it is assumed that all decision-makers' decisions are independent of each other, the 

total probability of everyone in the sample choosing the alternative that was observed 

can be noted as

(4.4)

with p being the vector that contains the parameters of the model. The log-likelihood 

function can then be derived as

*.

The estimator, P, is the value of * that maximises the log-likelihood function. 

Most statistical software packages that are used to estimate these models and to
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determine the coefficients of the models will output the values for log-likelihood 

functions. These values will then be helpful in the determination of how well the 

model describes the actual underlying sample data. For the case study described in 

Chapter 5, SPSS 10.5 has been used to complete this estimation process.

4.3.2 Significance Tests

The quality of the calibration of the model can be assessed by use of a statistic 

called the likelihood ratio index. Essentially, this measure is used to determine how 

well the model fits the data. A comparison is made between the calibrated model with 

the estimated parameters and a specification of the model assuming that all 

parameters are equal to zero. The likelihood ratio index is defined as

(4.6)LUO)

The index can take on values between zero and one. It would be equal to one 

when the estimated parameters perfectly predict the observed choices of the sampled 

commuters. However, the interpretation is not identical or even similar to the

coefficient of determination R in multiple regression models. It is true that one 

would prefer a higher value of P but it is not possible to compare different 

specifications of the models using different data and calibrations based on this 

likelihood ratio index alone (Train 2003). Rather, several other measures as described 

below also need to be considered.

Several pseudo R-square measures can be calculated. The motivation is to create 

a statistic that is similar in its appearance as the standard goodness of fit measure used 

in linear regression analysis. There are two commonly used measures. Cox and 

Snell's R-square as well as the related but not identical Nagelkerke R-square are both 

used to estimate how well the model fits the underlying data. Both measures can take 

values between 0 and 1. Nagelkerke's measure simply adjusts Cox and Snell's R- 

square by dividing by its respective maximum in order to guarantee that the value 

comes out between 0 and 1. Both statistics are generally reported within the output of 

the multinomial logit model (Logistic regression 2004).
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An additional approach used to assess how well the model explains the collected 

data is the percent of decisions correctly predicted. One can observe how the estimated 

choices compare with the observed choices of the sampled decision-makers. In other 

words, a comparison is made between choices predicted by the modal based on the 

case study data and the actual choice information. The higher the percentage of 

correctly predicted decisions, the better the model fit is likely to be. For example, a 

percentage of 80 would indicate that 80 percent of the modal choice decisions as 

represented by the data are correctly replicated by the MNL model.

However, researchers have also questioned this method on the grounds of the 

MNL methodology being based on probabilistic analysis and not deterministic choices 

(Train 2003). Caution should therefore be used in the interpretation of these statistics 

and they should only be used in conjunction with other statistical measures describing 

the overall strength of association.

It is also common and accepted to conduct a set of hypothesis tests based on the 

results of the model calibration (Train 2003). For example, it can be tested if one 

variable should be excluded from the model by stating the null hypothesis as saying 

that there is no significant difference in the test statistic between the model 

specification with and without the variable under investigation. The test statistic can 

be derived from initially specifying the ratio of likelihoods

(4.7)

with J3" being the constraint maximum value of the likelihood function. Using the 

ratio of likelihoods as specified in equation 4.7, the test statistic can now be defined as 

-2 log R. The test statistic is distributed chi-squared with degrees of freedom as 

defined by the restrictions of the null hypothesis. The test statistic in more detail is 

defined as

-2(LL(P H )-LL(P)) (4-8)
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If the value of the test statistic exceeds the critical chi-squared coefficient, then the 

null hypothesis would be rejected (Train 2003) and the variable is statistically 

significant in the modal.

4.4 Data Issues

In MNL models, initially a choice set needs to be defined. The choice set depends 

on the observed transport modes that are part of the data sample. The size of the 

sample will influence the practicability of selecting the choice set. Generally, an 

alternative that is only chosen by a very small group of commuters is unlikely to be 

predicted well in the model because of its lack of data. There is no definitive rule that 

exists in regard to the desired sample size for each modal share but it is standard 

practice to only consider modes of transportation that have at least been chosen by 15- 

20 commuters. Otherwise, the statistical estimation of the model will be problematic 

due to missing data on the variables used in the model (The SPSS Sample Problem 

2004)

In addition to the choice set, attribute and individual commuter specific variables 

can be used. Generally, three kinds of variables can be accommodated:

  Policy variables (such as bus fare, tolls, bus travel time etc.)

  Variables that affect modal choice (demographic characteristics descriptive of 

the commuter)

  Other variables that affect modal choice and are correlated with either the first 

or the second type (For example, number of cars in household, since it is 

directly correlated with income)

There are also generic or mode specific variables, i.e. factors that apply either to 

only one mode or to all possible alternatives (total travel time vs. in-vehicle travel 

time). The MNL model is able to determine the statistical significance of each variable. 

Statistically significant variables carry some explanatory power in regard to the 

decision-making process and modal choice. For example, if travel time is determined 

as being statistically significant based on hypothesis tests outlined in section 4.2, then 

the variable might be a trigger to changing commuter behaviour if it is altered. Based 

on the objectives as stated in Chapter 1, the analysis of these individual variables
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allows for the determination of the important variables in decision-making situations. 

Variables that are influential in commuting modal choice can be identified. The 

analysis also identifies variables that can be targeted as part of a policy decision. If a 

variable is strongly statistically significant and changes therein can trigger change to 

commuter decision-making, then this might be an appropriate measure to be used for 

policy purposes. Ultimately, the recommendations for policy as presented in Chapter 

7 are a direct result of the calibrated MNL model and the respective strength of the 

statistical significance of variables.

4.5 Summary

Multinomial logit models have been widely used in the analysis of transport 

demand situations and commuter modal choice behaviour. These types of models 

accommodate a variety of variables that can play a role in modal choices. Some of 

these variables have been researched as described in the review of relevant literature 

in Chapter 3. It is the objective of this investigation to identify any variables that are 

relevant in modal choices. In particular, peak period commuting behaviour is the 

focus of this analysis. By applying the methodology to the data of the case study in 

Boston, the variables that are influential in the choices of travellers are identified and 

evidence of decision-making is gathered.

This chapter has outlined the methodology used in the MNL model as well as 

several measures that allow the assessment of how well the calibrated model fits the 

data. Furthermore, the specific model, the standard MNL case, used in the case study 

was selected and discussed. The discussion included also a brief overview of data 

issues as well as the techniques by which the goodness of fit of the model and the 

statistical significance of variables can be measured. These methodologies have been 

used in the analysis of the empirical data in Chapter 5.

The result of this investigation adds to the existing body of research by filling the 

current gap in regard to the understanding of modal choices in Boston. As a 

metropolitan area, the city is suffering from increased congestion and the design of 

effective policies depends on the understanding of the decision-making factors that 

are important for peak period commuters. The methodology used in this study allows
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for the identification of these factors and the results can be used for the design of 

effective policies based on the added understanding of decision-making and the 

variables that play a role therein.
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CHAPTER 5 

CASE STUDY: BOSTON, MASSACHUSETTS

5.1 Introduction

This chapter presents and discusses the analysis of the data collected from Boston 

commuters. The objective of the case study was to (1) identify the key variables 

influencing commuter modal choices in peak periods and (2) determine their relative 

importance. The chapter begins by discussing the general commuting environment in 

the state of Massachusetts, the existing road and public transport network and other 

pertinent trends. The process by which data was collected is outlined. General 

descriptive statistics of the sample group are presented and compared with the 

relevant state and national averages. In addition to the review of the data, the 

calibrated multinomial logit model is discussed. This chapter also discusses the 

process by which the data was used, how variables for the model were designed, and 

the statistical tests conducted to evaluate the performance and overall fit of the model. 

The analyses resulted in findings that improve the understanding of individual factors 

and their respective impacts on commuter behaviour.

5.2 Commuting Patterns in Boston

Historically, the dominant work location in Eastern Massachusetts was the 

central business district (CBD) of the city of Boston. The volume of travellers entering 

the CBD on a daily basis represented the largest flow of commuters (CTPS 1998b). 

However, significant suburbanisation has occurred over recent decades. Hall (1984) 

described the life-cycle urban model in which a city's development is characterised by 

the rate of population change in the urban core relative to the surrounding suburban 

area. Suburbanisation implies that the surrounding area grows faster than the actual 

city centre. The CTPS (2003a) within the city of Boston estimated that the population 

within the Interstate 128 (1-128) / Interstate 95 (1-95) belt increased by 206,750, or 30 

percent, compared with growth immediately outside the ring road of 438,700, or 80
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percent between 1970 and 2000. Between 1950 and 1995, the population in the city of 

Boston itself fell by almost 30 percent.

Boston has experienced a suburbanisation trend resulting in a settlement 

continuum stretching from urban to rural due to the fragmented collection of small 

towns and cities around Boston. In recent years, employment and residential centres 

have developed around the outer ring roads. These were in part driven by the 

economic boom experienced between 1994 and 2000 by the state overall and the 

Greater Boston area in particular (CTPS 2004). Less than 50 percent of the jobs in the 

greater metropolitan area are located in the urban core today (CTPS 2003a).

Commuter flows have mirrored this trend. There is still significant travel into the 

CBD today even though additional employment centres have been created around the 

urbanised area. Overall, the flow of commuters to the urban core is the largest group 

of commuters. For example, the Massachusetts Highway Department estimated that 

in the year 2003, close to a daily average of 400,000 vehicles commuted to Boston from 

the south and north of the City via the Interstate 93 (1-93). At the same time, orbital 

traffic on the two ring roads was significantly below the 125,000 vehicle mark. 

However, the creation and expansion of additional employment areas along 

circumferential highways has added to the traffic volume over time and has added an 

orbital commuting pattern similar to European cities such as London and Amsterdam. 

Table 5-1 illustrates this growth in overall traffic for the two ring roads, the 1-95 /1-128 

and 1-495 as well as one of the major radial routes, the 1-93, into the centre of the City.

The data in the table 5-1 shows individual highway volume counts for the years 

between 1994 and 2003. The data is structured to show travel patterns in four 

municipalities along the three main highways. Traffic along these orbital routes, I- 

95/1-128 and 1-495, has increased close to 3 percent on average, whereas the traffic in 

and out of the City on 1-93 has increased by an annual average of 1.9 percent. These 

figures support the identified trend of suburbanisation but also provide evidence for 

the increasing overall traffic volume in the Greater Boston Area.
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Table 5-1
Selected Traffic Count Data

Route Town/City

495 AMESBURY
CHELMSFORD
RAYNHAM
WESTBOROUGH

95/128 ATTLEBORO
SALISBURY
NORWOOD
DEDHAM

93 ANDOVER
BRAINTREE
MEDFORD
STONEHAM

Source: MHD (2004a)

1994

48,000
80,788
44,922
72,000
76,610
34,000

No data
No data
97,000

No data
No data
165,000

1995

49,000
85,270
45,369

No data
82,342
51,500
74,000

143,600
95,000

190,200
No data
171,200

1996

52,760
89,863
46,812
69,862
85,355
47,349
76,700

139,046
No data
191,646
165,376
169,470

1997

54,833
93,982
48,483
75,027

No data
49,121
91,400

142,730
111,400
195,987
171,637
176,636

1998

57,137
92,327
52,015
79,202

No data
52,176
98,200

No data
106,200
204,557
175,176
180,195

1999

58,440
105,055
54,529
81,160

No data
54,304
73,900

146,669
No data
188,171
177,792
No data

2000

59,625
104,733
55,258
85,237

108,117
55,039

No data
146,177
126,215
No data
185,262
No data

2001

60,549
107,069
56,498
89,266

110,286
54,913
85,300

144,384
129,579
208,199
186,902
188,293

2002

62,446
110,870
58,398
89,005

112,619
57,307

No data
145,079
130,669
203,697
184,305
190,689

2003

61,317
106,955
57,731
89,560

112,948
57,816
96,500

143,662
131,224
219,598
175,654
No data

Average 
Annual 
Growth

2.76%
3.17%
2.83%
2.45%
4.41%
6.08%
3.37%
0.01%
3.41%
1.81%
0.87%
1.83%

Note: A value representing the average annual 24 hour traffic volume.

Boston has followed the national trend of increased solo car commuting. Table 5- 

2 shows the change in actual modal shares for the Greater Boston area over the last 

two decades. The modal share of individual car commuting has increased by 

approximately 10 percent over the last twenty years. Over the same period of time, 

the share of commuters on public transit held constant.

Table 5-2
Greater Boston Modal

In Percent
Driving Alone
Carpool
Public Transit
Working from Home
Other
Total

Source: Goodman et.al.

1980
54.5
16.8
16.9
1.4

10.4
100.0

(2004)

Shares
1990
63.4
9.8
15.9
2.6
8.3

100.0

2000
63.9
8.4
16.9
3.4
7.5

100.0

Overall, approximately 64 percent of commuters drove alone to work in the year 

2000. Only 17 percent used public transit. Data for the city of Boston alone showed a 

much higher use of public transit as percentage of the total. Goodman et. al. (2004) 

estimated that in the year 2000 approximately 42 percent commuters drove solo to
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work. Public transit in the same year was estimated to have a modal chare of 32 

percent.

5.3 Definition of Area & Transport System

Boston is the largest city in the state of Massachusetts. In 2000, the city of Boston 

had a total population of approximately 589,000 while covering a land area of 48.4 

square miles. The population density in 2000 was estimated as 11,860 per square mile 

(MDHCD 2005). A map of Eastern Massachusetts is shown in Figure 5-1 below.

The city itself has the oldest subway system in the United States; commonly 

called the "T" by local residents as an abbreviation of the name of the current transit 

operating company, the Massachusetts Bay Transport Authority (MBTA). Public 

transport began with two horse drawn vehicles between Boston and Cambridge in 

1793. Electrification took hold of the system at the end of the 19th century and the first 

electric streetcar began operating on January 1,1889 (Sanborn 1992). The MBTA 

system is illustrated in Figure 5-2.

Based on data published by the state of Massachusetts, the MBTA is the fifth 

largest mass transit system in the United States based on ridership. On average, the 

MBTA serves 1.2 million people every day on its subway, bus and commuter rail 

systems. Among the total group of passengers in 2003, the bus system had an average 

of 364,000 daily boardings. The Red and the Green line transported 218,000 and 

225,000 passengers on average respectively (Executive Office 2004).

Four lines make up the subway network: the Green, Blue, Orange, and Red line. 

The Red line runs from Ale wife station in the northwest of Boston down to Ashmont 

station and Braintree station on the South Shore. It provides a connection between 

Cambridge, Boston, and South Shore communities. The Green line begins north of the 

inner city and runs south of the Charles River into the western parts of Boston, 

spreading out into four different lines after Copley Square station. The Blue line runs 

from downtown Boston straight north up the coast into the city of Revere. The 

Orange line provides north-south access by running from areas north of the city 

through the CBD. In addition to the subway system, the Silver line, a rapid bus line, is
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currently being added to the system in phases in order to improve access to the 

downtown and South Boston area.

The MBTA system is completed by a variety of commuter rail lines. These 

commuter rail lines fan out into the surrounding areas of Boston. The commuter rail 

system extends along the same axes identified above but higher travel speeds and 

larger capacity railcars make more distant cities accessible.

/

.ConutiuntyCoUeoe^ "\   ''V ^«™r~*\i\:nn-^-
D«ftraT^. ^t

»Hl«^kB«*«>nO T«

Figure 5-2: MBTA System Map1

1 Source: MBTA Website; www.mbta.com
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A south shore commuter rail line runs from Plymouth to Boston. Other rail 

extensions stretch down to Attleboro, near the border to the state of Rhode Island. A 

number of different south shore commuter lines are currently in the planning. The 

commuter rail system consists of a single line to the west, along the Massachusetts 

Turnpike (1-90), to the Worcester area. In the north, several lines provide service to 

communities along the coast and to Reading, Lowell and Haverhill, in close proximity 

to the New Hampshire border.

The road network stretches concentrically around the metropolitan area. There 

are two ring roads; the inner ring consisting of Interstate 95 (1-95) and Interstate 128 (I- 

128), the outer ring road consisting of the Interstate 495 (1-495). The distance between 

the two orbital roads is approximately 10 miles. Additional population growth in the 

suburban areas has followed the expansions of the orbital roads. Today, these two 

orbital routes appear to be the focus point for future residential development (CTPS 

2003a).

Today, due to a lack of space, cities such as Cambridge, Watertown and Boston 

have essentially grown and merged into each other. Clear city limits have been 

eliminated. This is not necessarily true for towns outside Boston, i.e. towns with more 

geographical distance from the core. Population growth has occurred within the first 

orbital ring, and has then been expanded into the second ring. Today, population 

growth is fastest among 1-495 communities (CTPS 2003a). Commercial growth has 

also occurred within the outer ring road. Whereas the southern and northern coastal 

communities witnessed business activities in heavy industry and fishing in particular, 

technology firms have settled in the north along the 1-495. A clustering effect can be 

observed. This creates a population shift, whereby families follow these high- 

technology jobs and move farther away from the city. These patterns are driven by 

the tremendous increase in real estate prices throughout the state of Massachusetts. In 

order to be able to afford housing, families sacrifice short commutes in favour of large 

residential dwellings (Goodman et. al. 2004). These trends have also created orbital 

commuting movements, i.e. traffic flows around the city of Boston, avoiding the CBD 

altogether.

76



5.4 Commuting Options in Boston

Over the last decade, the standard pattern of individuals sleeping in bedroom 

communities and commuting into the CBD has shifted; commuting and housing 

decisions have become more intertwined. With the development of additional 

residential centres around Boston, individuals commute along the outer ring roads 

without ever entering the CBD. Improvements in technology have introduced 

telecommuting options for employees and employers have also begun to offer 

compressed workweeks or alternative working arrangements. For example, the US 

Bureau of Labor Statistics estimated that in 2003 on the days that individuals worked, 

1 out of 5 persons did some or all of his or her work from home. Such new trends 

have likely had an effect on commuter modal choices and behaviour but they lie 

outside the realm of this analysis.

Generally, there are four different commuting patterns that can be observed. 

These patterns include:

  Radial commuting into the CBD,

  Reverse radial commuting out of the CBD

  Orbital commuting, or

  Central commuting.

These four patterns and the available modal alternatives for travellers are described in 

more detail below.

5.4.1 Radial Commuting Options

The commute from the western part of Massachusetts, or the western suburbs of 

Boston and cities going out to Worcester, can be accomplished via several modes of 

transportation. The commuter rail line runs every 30 minutes during the early 

morning and late afternoon rush hours. During non-rush hours, commuter rail lines 

operate mainly on an hourly schedule. Overall, this service caters to the traditional 

peak-hour commuter. For example, the commuter rail from Plymouth into Boston
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operates on a half hourly schedule in the morning and afternoon, but switches to 

hourly frequencies during the working day (MBTA 2004).

Individuals that choose to travel by car have the option of a limited access toll 

road, the Massachusetts Turnpike, or an un-tolled road, Route 9, which runs parallel 

to the Turnpike. The toll is paid in cash at toll booth stations when entering or exiting. 

The alternative is the purchase of an electric transponder or automatic toll collection 

device, allowing the toll to be directly debited from a commuter's checking account or 

charged to a credit card. Paying the toll electronically increases the speed through the 

toll collection area but the speed on the turnpike primarily depends on the volume of 

traffic, rather than the payment option.

Individuals commuting from towns to the north of Boston face a different road 

and rail network. There are two main commuter lines, one moving parallel to the 

coast through Lynn and Gloucester out to the border with New Hampshire, and 

another running straight to the north through communities such as Reading and 

Haverhill before stopping short of the New Hampshire border. In both cases, the 

endpoint of the lines is North Station, which provides access to the subway and bus 

networks and Boston's downtown area.

From the south, car traffic reaches the city of Boston via 1-93 (The Southeast 

Expressway), starting at the intersection with 1-95. A HOV lane is available for this 

option during peak hours. But access to HOV lanes on the route from the south is 

limited to morning peak hours only because the HOV lane is shared between north 

and southbound traffic (commonly referred to as the "zipper lane" since it alternates 

the flow of traffic by time of day). The shared HOV lane is used as a traffic 

management tool due to the scarcity of roadway capacity on this route during peak 

hours (MHD 2004). Driving alternatives to this direct radial route are not readily 

available since parallel side roads are too narrow to provide a clear alternative option.

Route 1 follows the coastline and crosses Tobin Bridge just north of Boston. Toll 

collection is in effect when travelling south towards Boston on the Tobin Bridge. 

Again, an electronic transponder facilitating the payment can be obtained, which 

reduces the waiting time at the tollbooth but not necessarily the travel time across the 

bridge.
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The MBTA network stretches down to Braintree, in particular the Quincy Adams 

and Braintree stations. The parking garage adjacent to Quincy Adams station is 

designed for commuters coming from the south and so it functions similar to park- 

and-ride system. There is no direct access for local Quincy residents. The Commuter 

rail comes up from Plymouth or Attleboro and uses the tracks of the MBTA for the 

ride into the City.

As an additional alternative, there are commuter boats available from Hingham 

and the Fore River Shipyard that run via Logan Airport to Boston. These boats are 

passenger ferries and are operated all year round. These ferry services carry more 

than 5,000 commuters every day (Executive Office 2005)

5.4.2 Reverse Radial Commuting Options

The reverse radial commuting patterns are a mirror image of the direct routes 

into the CBD. The difference is however that this group of commuters lives in the 

CBD and works outside the CBD. As a result, commuting flows alternate with the 

traditional CBD peak period commuters. With continuing suburbanisation and 

specifically the development of offices along the orbital routes, this route choice has 

become more frequent and traffic flows have increased for reverse commuters (CTPS 

1998b).

5.4.3 Orbital Commuting Options

The orbital route choice captures the flow of traffic that avoids the CBD. In other 

words, it is the commuting option in which travellers use the two main ring roads, I- 

495 stretching from the border with New Hampshire to Cape Cod and the 1-95/128 

from Newburyport to Braintree.

The most likely modal choice for this type of commute is solo car use, or a shared 

mode such as car or van pooling. The MBTA does not provide orbital public transport 

alternatives along any of the ring roads. However, the MBTA has completed studies 

addressing the need of an orbital public transport option (Lewis 2001). As of the 

autumn of 2005, no specific plans for such an option had been finalised. Hence, orbital 

public transport users have to travel into the CBD first, transfer trains and then
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commute back out along the western, northern, or southern radial tracks. It is likely 

that for most commuters this adds enough to their total travel time as to make it an 

unfeasible commuting option. In addition, only very few towns and cities around 

Boston have a functioning bus network that provide feeder services to the main 

railways or allow the transit to the work location once the final destination is reached 

(CTPS 2004).

5.4.4 Central Commuting Options

Commuters that live and work in the centre of Boston will not be using any of the 

radial or orbital options discussed above. Rather, the commute will be limited to local 

roads or public transport options within the borders of the city. This is also the group 

of commuters for which walking or using the bicycle is a feasible option.

5.5 Definition of Group of Commuters

Generally, a distinction can be made between work and non-work commuters 

during peak and off-peak times. As stated in Chapter 1, the objective of this 

investigation is to identify the key variables influencing commuter modal choices in 

peak periods and determine their relative importance.

The choice set needs to be clearly defined when analysing commuter behaviour. 

For the purpose of this analysis, it is assumed that peak hour commuters have a 

defined set of modal choices available to them. These modal choices are defined as the 

dependent variable in the quantitative analysis of the collected data and are described 

in Section 5.6.6. The definition of the choice set contains all available option for 

commuters. For the purpose of this analysis, the census categories as shown in Table 

5-3 were used as a reference point.
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Table 5-3
Census 2000

Travel Mode
to Work

Drive Total (car,truck,van)
Drive alone
Carpool or Vanpool (2+ 
persons)

Public Transportation Total
Subway/rapid transit
Bus
Commuter rail
Taxi
Ferry

Walk
Work at home
Bicycle
Motorcycle
Other

Total
Source: US Census (2000);

Commuting

Boston
Percentage

50.70
41.50

9.20

32.30
18.60
12.20
1.00
0.40
0.10
13.00
2.40
1.00
0.10
0.50

100.00

Modes

Massachusetts
Percentage

82.80
73.80

9.00

8.70
4.10
2.90
1.50
0.20
0.10
4.30
3.10
0.40
0.10
0.50

100.00

National
Percentage

87.90
75.70

12.20

4.70
1.50
2.50
0.50
0.20
0.00
2.90
3.30
0.40
0.10
0.70

100.00

Referring to the data collected in the Boston area for this investigation, it is the 

case that nearly all travel modes mentioned above were found in the data sample 

collected for this study. The exact composition of the sample and the data collection 

process is discussed in more detail below.

5.6 Data Collection

5.6.1 Pilot Survey Methodology

During the months of December 2001 through April 2002, a pilot survey was 

conducted among a group of Boston commuters. As part of this preliminary data 

collection effort, a questionnaire was designed and distributed. A total of valid 84 

responses were obtained from a group of 150 adult students at Emmanuel College in 

Boston. A valid survey response was regarded as a questionnaire that was completely 

filled out by the research subject. The survey form is attached as Appendix A.
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Students in academic programs at this college are required to have a full-time job 

while continuing their studies. They attend classes at either the main campus in 

Boston's CBD or on satellite campuses located around the perimeter of the city. 

Hence, the students met the criteria that were the main focus point of the study by 

being commuters in the greater Boston area who most likely travel during peak hours.

The fact that all subjects in the pilot study were enrolled in academic programs 

and fell into an income category significantly above the median household income for 

the City of Boston created a sample that overrepresented this particular commuter 

group. Nevertheless, for the purpose of the pilot study, this profile of the sampled 

data was deemed as being tolerable considering that the main focus was on the design 

of the questionnaire itself and the process by which data could be obtained.

The pilot study determined the transport preferences of the small sample of 

commuters, identified if there were any major differences between commuters living 

in different areas, and produced feedback on the survey form. The process allowed 

the researcher to identify any data collection problems as well as overall trends prior 

to the main data collection effort which became part of this study. Veal (1997) 

describes the benefits of using a pilot survey when conducting research. In particular, 

this approach allows the researcher to test questionnaire wording, test the layout and 

sequencing of the questions, estimate the response rate and determine the way data is 

recorded and made available among other things. "It is always advisable to carry out 

one or more pilot surveys before embarking on the main data-collection exercise" 

(Veal 1997, pg.194).

In addition to the actual content related findings as described in Section 5.6.2, 

several procedural insights were gained by the pilot study. The design of the 

questionnaire used for the main data collection effort significantly benefited from the 

comments received as part of the preliminary study. For example, one area that was 

identified by the pilot was the placement of the questions. In the pilot questionnaire, 

the question regarding the commuter's income was placed in fifth position. 24 

subjects left the answer to this question blank. Veal (1997) suggests that people failing 

to answer "income" questions is the result of concerns for confidentiality. The 

decision was made in the full survey to follow Veal's advice in placing such a question
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at the end of the questionnaire. As a result, only very few questionnaire responses 

needed to be discarded because of missing answers to this question.

The phrasing of the questions and language used could also be clarified based on 

the feedback received. Subjects noted on several occasions that the way questions 

were asked was not clear and that interpretation of these questions would have been 

needed to provide an answer. This was clearly a source for further bias in the data 

collection. The pilot questionnaire and the derived findings also allowed an increased 

focus of the investigation because of initial findings showing variables that potentially 

contributed to modal choice decision.

Consequently, the pilot survey contributed to the overall investigation by 

clarifying the problems associated with obtaining quality data and indicated variables 

and decision-making factors that likely affect choices made by peak period 

commuters.

5.6.2 Pilot Survey Findings

The first set of questions on the survey form dealt with the geographical location 

of both work and residence locations. The responses were divided into groups by 

assigning labels such as "South into the CBD", for commuters who travel from areas 

south of Boston into the CBD, or "South orbital commute", for commuters who live 

and work south of the city without ever entering the CBD. The analysis was based on 

postal codes collected from the survey forms. Table 5-4 shows the distribution of 

commuters based on the collected data.

The survey also obtained information on commuters' age, specifically the age of 

the members of each commuter's household, and their respective access to cars. The 

average household had 2.3 individuals above the age of 16 (the legal driving age in the 

state of Massachusetts) and 0.54 individuals younger than 16.

The availability of cars was identical to the number of adults in each household, 

i.e. every person of driving age had a car available to them. This is consistent with the 

car availability data as found in the main survey. Table 5-10 shows a car availability 

ratio of 2.7 cars to 3.4 individuals (who also include persons not of driving age). 

Households with commuting patterns orbital to the CBD were slightly larger in size,
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2.4 heads compared to 2.3, than households commuting to and from the CBD. This 

can be explained by the fact that larger families, or couples with children, tend to live 

outside of the city in order to access living arrangements more suitable to the raising 

of children. Nevertheless, it did not change the availability of cars to individuals 

legally allowed to drive.

Table 5-4 
Pilot Study Route Choice

Pilot Study Sample 

Radial Routes

From South into CBD

From North into CBD

From West into CBD

Subtotal

Orbital Routes

Primarily South 

Primarily North 

Primarily West 

Subtotal

Reverse Commuters

Telecommuters

Total

Totals may not add to 100% due to

Data 

Percent

29

14

2

45

31 

14 

5 

50

2

2

100

rounding.

The average household income of the sample was in the range of $80,000 to 

$100,000. This income level was high when compared to the median household 

income in the state of Massachusetts of $50,502 and the city of Boston of $39,629 in 

1999 according to the US Department of the Census (2000).

Working hours for all commuters in this sample population fell primarily 

between the hours of 6 a.m. and 6 p.m. There were approximately two-hour windows 

(from 7 to 9 a.m. and 4 to 6 p.m.) for the work start and end times exhibited by this 

group of commuters respectively. However, there was quite a large variation from 

these times over the course of a week based on the collected data. Respondents said 

that they varied their work beginning and ending times nearly three times during a 

regular workweek. There was a slight difference between CBD and non-CBD
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commuters. Non-CBD, or orbital, commuters had a higher likelihood of varying their 

working hours than CBD commuters do. The majority of commuters were assigned to 

work between 30 and 45 hours per week.

Commuters spent on average 30-45 minutes on their commute to work (one-way 

on an average day). Commuters travelling into the inner city of Boston primarily fell 

into this category. Orbital commuters when looked at in isolation spent less time 

(roughly 15 to 30 minutes) on their commute to work.

Pilot Study Modal Choice Data

It was apparent that the modal choice was different when looking at the two 

different groups of commuters. The orbital commuter had a clear tendency to use the 

car in order to drive to work. Consequently, more than 90 percent of orbital 

commuters said that they travelled alone in their car to and from work. Any other 

option was the rare exception for this class of travellers. The reason for this appeared 

to have been the lack of public transport alternatives. The MBTA in the Greater 

Boston area does not provide direct public transit for orbital commuters but focuses 

on the main radial axes to and from the central business district. It might therefore 

also be a question of "convenience" that supports the solo car use by commuters as 

pointed out in Section 5.6.3.

For commuters travelling into the city of Boston, the modal choice was different. 

Approximately 50 percent of commuters chose to drive alone in their cars. The rest 

chose public transport for the entire way or at least a combination that included a 

public transit mode. Only one percent of the survey population stated that a car pool 

option was used. The public transport choices differed in the extent to which these 

transport options were used. Individuals reported that they either walked to the 

MBTA stop or took public transport for their entire way to work, which may include 

several transfers between different lines, buses or subways, on the MBTA system.

Pilot Study Decision-making Factors

For the majority of commuters surveyed for this pilot study, cost did not have 

much significance when choosing a transport option in their commute based on the 

stated preference data. Only 16 percent of respondents mentioned cost as a
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determining factor, and they also stated that both convenience and the lack of feasible 

alternatives contributed to their mode choice.

Convenience was stated as being the main reason for the mode choice. 81 

percent of all respondents said that convenience was the main determinant in their 

decision-making process. Of this majority, only one quarter, or approximately 20 

percent of the total, used a mode of transport other than the private car. These users 

primarily stated that the convenience provided by public transit is the reason why 

they choose the MBTA for their commute to work. It is important to consider both 

residence and work locations in this context. A commuter may have chosen a work or 

residence location because of its proximity to public transport. As a result, these types 

of commuters found it convenient to use the MBTA for their commute without even 

considering the car. However, the reasons for these location decisions could have 

been influenced by cost components, i.e. transport generalised cost, but the individual 

might not have explicitly applied the same cost considerations to modal choice 

decisions.

The pilot data showed that convenience, and not cost, was largely responsible for 

commuter modal choices. This was the case for both public transport and private car 

users. However, this statement needs to be qualified. Respondents only had a choice 

between four options when answering this question. Other reasons for choosing a 

mode of transportation were not captured by this questionnaire. Furthermore, the 

answers to this question could also be biased by the ability of the individuals to 

measure the true cost of travelling to work. For example, only direct monetary 

expenses could have been considered in the decision-making process because unlike 

insurance or maintenance costs those are the easiest to calculate when evaluating the 

cost of a trip. This would indicate that commuters make decisions about their home to 

work commute based on incomplete information.

The conclusion about the disregard of actual cost was confirmed by looking at 

the dominant concerns that commuters have in their decision-making. In only 

approximately 15 percent of all cases was cost mentioned as a concern. The main 

reasons pointed out in this questionnaire were travel time (door to door), congestion
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and frustration because of it, and bad weather. The following pattern could be 

observed:

  50 percent of all respondent were concerned about the travel time from 

home to work

  25 percent cited frustration due to heavy congestion as a concern

  16 percent exhibited a concern for weather conditions 

The clearest pattern appeared to be the concern of travel time by solo car 

travellers. Maybe due to a lack of feasible public transport alternatives, the proximity 

of work and residence locations or the belief that the car was the fastest mode of 

transportation, solo car travel was chosen as a result of this concern. This primarily 

applied to the orbital commuters around the city of Boston. Table 5-5 illustrates the 

reasons mentioned by commuters for driving alone.

Table 5-5 
Pilot Study: Reasons for Driving Alone

Reasons for driving alone

Enjoy my privacy
Irregular work hours
Need car for work related trips
Do not have any option
Transit routes/schedules are not convenient
Need car for emergencies
Driving alone takes less time
Difficulty finding carpool partners
Meed car to transport children
Concern for personal safety

Responses (% 
of Total)

33.3
21.4
21.4
14.3
14.3
9.5
9.5
7.1
4.8
2.4

Does not total 100% because more than one answer was allowed.

Several interesting conclusions can be drawn from the answers illustrated above. 

The data suggests that it is not out of necessity that commuters chose to drive alone in 

their cars. To a large extent, they did not need to transport children, they did not feel 

unsafe, they could have found carpool partners if required to do so, and they did not 

think that driving alone necessarily takes less time.
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Less than 15 percent of commuters stated that transit routes were somewhat 

inaccessible, 21 percent said that they needed the car for work-related trips, and 14 

percent felt that they did not have another option. However, the majority of 

respondents felt that privacy is their dominant reason for driving alone. (One 

individual used the term "freedom" when describing her transport mode choice.) 

Again, the car appeared to be the preferred transport option because of insensitivity to 

transport cost (understandably, when considering the high income level of this group 

of commuters and the small share of transport cost within their income).

The second reason for choosing the private car was the availability of employer 

provided parking. This referred to either free parking or employer sponsored 

parking. 90 percent of the group of commuters that used their car to drive to work 

had the option of parking their car in an employer provided facility. The majority of 

these facilities were also free of charge, or at least at significantly reduced cost due to 

some employer benefit program. This explains the insensitivity of commuters to other 

out-of-pocket costs. Generally, parking was probably the largest cost component, 

especially within the Boston city limits. Parking charges can easily exceed $30 per day 

in public garages (CTPS 2003). Having free parking, or parking facilities that are 

maintained as an employee benefit, provided a strong incentive due to elimination of 

the high monetary cost and the added convenience.

If commuters who used their private car were required to choose a different 

option, the majority of them would have chosen either the next closely related 

alternatives, drop-off at work or carpool, or considered switching to public transport. 

Since walking and/or bicycling did not appear to be feasible options, the choice was 

between public transport and car related transport options. These choices are shown 

in Table 5-6.
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Table 5-6 
Pilot Study: Preference towards alternative modes

Chosen mode if solo car commuters were 
required to switch:
Public Transport (MBTA Subway)
Have someone [spouse, friend, family
member etc] drop you off at work
Carpool with co-workers
Public Transport (MBTA Commuter Rail)
Walking
Bicycling
Other

Note: Percentages ivill not add to 100% since more than one answer was allowed.

Responses (% of Total
car commuters)

31

31

28
21
3
3
3

The factor most likely to induce a shift from commuting by car to public 

transport was the existence of more convenient locations of public transport followed 

by the improved frequency of buses/trains. Again, no strong sensitivity was 

expressed in regard to any cost related reasons such as the price of public transport or 

the price of private transport, i.e. petrol cost. Convenience and time related issues 

appeared again at the forefront of commuter decision-making. However, 

approximately 50 percent of private car commuters stated that "nothing" could induce 

them to switch their chosen mode of transport to public transit.

Two commuters pointed out that they had never taken the train and that public 

transport was not an option for them. Additionally, a commuter said as a comment 

that he or she would "rather walk to Boston than to take the smelly train". These were 

observations similar to the reasons for private car travel outlined above. Cost clearly 

did not play a significant role in the average commuter decision-making, at least for 

this particular sub-group. It was the convenience of the private car, its flexibility as 

well as privacy that caused individuals to choose this option in their commute to 

work.

5.6.3 Pilot Study Summary

Overall, the pilot study greatly assisted in the development of research 

techniques, the refinement of the questionnaire, and the consideration of factors that
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have an influence on peak period commuters and their modal choices. But the 

findings were also important and are related to the findings of the main case study.

Personal convenience was identified as the most significant factor in the 

determination of commuter modal choices. In addition, the availability of parking 

largely influenced commuters based on the collected data. The issue of cost, either in 

the form of monetary expenses or in the form of generalised cost, was largely ignored 

based on the collected data.

Radial commuters appeared to be trading off the attributes of each mode based 

on their own personal circumstances. Within that group, the awareness of cost issues 

as well as travel time and service quality were also taken into consideration. A 

different mental approach could be found for orbital commuters. This group of 

individuals, primarily solo car commuters, considered the convenience of the car as 

the primary decision-making factor. The term 'convenience', however, might be 

misleading in this case. There are only limited options available for public transport 

users if they chose to use the MBTA for orbital travel. Hence, the convenience of the 

car might also reflect the lack of feasible public transport alternatives on this particular 

route and ultimately result in exclusive car use as described in Section 5.6.2.

5.6.4 Data Collection for Main Survey

The main data collection process was completed during the calendar year of 2003. 

A detailed questionnaire (see Appendix B) was designed and used to collect data from 

commuters in the Greater Boston area. In particular, the survey was conducted via the 

internet by storing the questionnaire as a website and allowing respondents to access 

the survey electronically.

5.6.5 Sampling Procedure

Random data collection methods minimise bias in the collected data. 

Randomisation means that every subject in the population has an equal chance of 

being selected for the sample. For example, in a population of 1,000, a random sample 

means that every subject in the population has a 1/1000 probability of being selected. 

A random sample implies that it is representative of the population. In other words,
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the sampling error of the sample, or error that remains because not a full census of the 

population is taken, can be mathematically estimated. On the contrary, a non-random 

process adds non-sampling error to the data collection procedure.

The population relevant to this investigation included all peak period commuters 

with respective work or home locations within the Boston metropolitan area. In order 

to obtain the sample, large employers in the Boston metropolitan area were targeted 

and, after approval was obtained from their respective personnel departments, emails 

sent to their employees. These emails contained a brief introduction to the study and 

a link to the web-based questionnaire. In addition to these employer surveys, leaflets 

were distributed to mass transit riders at the two main downtown area stops, Park 

Street station and Downtown Crossing station. When distributing these leaflets, every 

fifth transit rider was targeted in the data collection procedure. Overall, the response 

rate among the mass transit users was low. Individuals had to take the leaflet and, 

when reaching home or office, access the web-based survey form. In all cases, there 

was room for some self-selection bias within the collected data. Self selection means 

that only individuals who feel very strongly, either in a positive or negative way, 

respond to the survey (Veal 1997). For example, commuters who dislike mass transit 

or traffic congestion are more likely to take the time to participate in the study. 

Individual that are largely indifferent are less likely to do so.

In addition, groups that were active in organising car and van pools as well as 

other transport entities were addressed directly in order to solicit responses. That was 

done in order to stratify the sample and guarantee some participation from 

commuters in those respective groups.
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Table 5-7 
Sample of Boston Commuters

Total sample 529
Less: Incomplete surveys 14
Less: Incorrectly filled out surveys 9
Less: Blank surveys 5
Revised sample 501
Less: Walking/Bicycle Modes 27
Less: Responses with blank entries 34
Revised sample used for MNL Model 440
Source: Data obtained through web-based survey, 2003.________

The initial count of completed surveys was 529. The data was reviewed and 

responses containing any data errors due to incorrect answers or blank survey forms 

(a result of problems with the website) were eliminated. For example, a response that 

did not specify a residence or work location was disregarded. After cleaning the data, 

the final number of responses used for analysis was 501. The sample was further 

reduced for the MNL model calibration by eliminating the two most infrequently used 

modes, walking and bicycle use, and also eliminating response with any blank cells 

because those would be problematic for the mathematical calibration of the model. 

That further reduced the size of the sample to 440 valid and comprehensive data 

elements. However, the initial data review in Section 5.6.6 is based on the complete 

sample of 501 commuters. The data, and the eliminated elements within the sample, 

are shown in Table 5-7.

5.6.6 Description of Sample

The questionnaire included questions about the chosen transport mode, socio- 

economic variables and any preferences and attributes that were important in the 

determination of the commuter's choice. Individuals were asked how they travelled 

to work yesterday or on their last working day. The choice set was designed to 

include the following options:

  Travel by Bicycle - This option assumes the exclusive use of the bicycle.

  Travel by Car - This option assumes the exclusive use of the car.
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  Travel by Car and MBTA (Park and Ride) - This option primarily includes the 

park-and-ride options, i.e. the use of MBTA provided parking garages.

  Travel by MBTA - This option assumes the exclusive use of public transport 

from the residence to the work location.

  Carpooling/Vanpooling - This option includes the use of motorized vehicles 

by two or more commuters. It assumes that commuters either privately 

organise carpool or take advantage of options provided by larger regional 

organisations.

  Walking - This option assumes that the commuter walks the entire distance 

from home to work.

The data analysis showed that roughly 50 percent of the sampled commuters 

used their cars when travelling to and from work. These were solo car trips. Another 

17 percent of commuters used a combination of the car and the MBTA while 

approximately 19 percent used public transport for the entire journey. The percentage 

shares for car and van pooling, use of a bicycle or walking were all less than 10 

percent, respectively. When comparing the data as shown in Table 5-2 to the Boston 

area trend information presented in Table 5-8, it is noticeable that the sample under- 

represents the solo car commuter. On the other hand, public transport use is over- 

represented when both the exclusive use of the MBTA and the combined car/public 

transit modes are considered together. But the sample has a share of exclusive public 

transport users that is approximately 19 percent and therefore roughly as high as the 

modal share determined for the Greater Boston area in Table 5-2.

However, the census data applies to commuters within the entire state of 

Massachusetts and not just the greater Boston area. Downs (2004) described the 

public transit modal share among Boston commuters to be in excess of 30 percent. 

These modal shares are shown in Table 5-3. This tracks much closer the modal shares 

as documented by this sample when all MBTA-related modal shares are combined.
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Table 5-8

o>
y'o

-6
I    H g
If-\

Destination

Bicycle
Car (Drive alone)
Car & MBTA
MBTA
Pooling
Walking to work

Total

of Commute

Non- 
CBD

2
173

2
9
8
2

196

& Modal

CBD

5
81
81
85
36
17

305

Choice

Total

7
254
83
94
44
19

501

%of
Total

1.4
50.7
16.6
18.8
8.8
3.8

100.0

For the purpose of this study, the CBD was defined as the inner core of the 

metropolitan area covering primarily the cities of Boston and Cambridge. The 

distinctions were made based on the postal codes submitted as part of the survey. Of 

the 51 percent using their car individually, roughly two-thirds did not travel into the 

city of Boston but rather stayed on the perimeter. However, nearly 90 percent of all 

public transit users travelled into the CBD for their work. Radial commuting was the 

most frequent pattern for all modes except the solo car category. The reason for this 

observation could be the lack of public transport alternatives for orbital commuters. 

As pointed out above, the MBTA network does not include an orbital public transport 

line. Hence, individuals do not have any other feasible alternative than the individual 

use of the car in their commute.

5.6.7 Commuter Characteristics

Table 5-9 shows the characteristics of each group of commuters associated with 

the different modes of transportation. Average household income for the entire 

sample was roughly equal to $86,000. Mostly, the average income of each subgroup 

fell within $15,000 of the group's overall average. Only income for MBTA users fell 

significantly below the mean. The share of the monthly budget spent on 

transportation varied between 0.1 for commuters walking to work and 2.2 percent for 

carpool commuters. In percentage terms, public transport users spent roughly half of 

the budget used by individuals using cars (either individually or in car pools). Based 

on the collected data, the more money that is spent on commuting, the larger the share
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of the total income allocated and also the longer the distance to and from work. This 

might in part represent the fact that higher income groups have decided to find 

residences farther away from their work location. Anecdotal evidence (Lebovits 2005) 

suggests that the time spent commuting is traded off against the quality of the 

household's primary residence or other factors such as the quality of public education 

in the area of residence.

Table 5-9
Commuter Profile by Modal Choice

Mode

Bicycle
Car (Drive
Alone)
Car & MBTA
MBTA
Pooling
Walking to 
work
Total

Modal 
Share

1%

51%

17%
19%
9%

4%

100%

Average 
Travel 
Time 
(min)

20.4

33.5

51.8
35.2
50.0

15.4

37.4

Average 
Annual 

HH 
Income

($)
$90,000

$87,195

$95,380
$66,017
$99,226

$93,529

$86,059

Monthly 
Budget

($)

$37.93

$136.67

$160.39
$49.46

$180.40

$5.00

$121.70

Average 
Budget as 

%of 
Monthly
Income

0.5%

1.9%

2.0%
0.9%
2.2%

0.1%

1.7%

Average 
One 
way 

Distance
(miles)

4.34

15.90

22.34
7.07

31.92

1.88

16.02

Average 
#of 
Cars

2.43

2.98

2.84
2.29
2.84

1.84

2.77

Average 
HH Size

3.86

3.52

3.51
3.13
3.50

2.74

3.42

The average monthly commuting budget for the entire sample was equal to 

approximately $122. The budget for bicycle users and individuals walking to work 

stayed significantly below the average. But the MBTA user budget was also less than 

the average, with nearly $50 or 42 percent of the sample average. Car pooling and 

combined car and MBTA users had the highest commuting budget with $180 and $160 

respectively. This represented on the one hand the higher costs in the form of petrol, 

tolls and possibly parking expenses, as well as the longer distances of the commute.

Access to vehicles might also be an important variable in the choice of transport 

modes for the peak-hour commuter. In the case of the collected data, all groups had, 

to a certain extent, access to a car based on the comparisons of the number of vehicles 

per household and the average household size. If one assumes that a household 

frequently includes children of non-driving age (younger then 16 years of age in the 

United States), then it is probable that most adults had a vehicle available to them.
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Downs (2004) estimated that in 2001, the ratio of cars to eligible drivers had exceeded 

1.0 for the United States overall.

Table 5-10
Commuter Summary by Route Choice

Route

Radial
Orbital
Central
Reverse
Total

Route 
Type

41%
34%
20%
5%

100%

Avg. 
Travel 
Time 
(min)
49.5
31.8
23.2
34.6
37.4

Average 
Annual 

HH 
Income ($)

$89,885
$88,665
$76,763
$74,600
$86,059

Monthly 
Budget ($)

$161.14
$113.31
$64.32
$90.18

$121.70

Average % 
of Monthly 

Income

2.15%
1.53%
1.01%
1.45%
1.70%

Average 
One-way 
Distance 
(miles)

22.0
16.7
3.5
12.9
16.0

Average 
#of 
Cars

2.9
3.04
2.15
2.38
2.77

Average 
HH 
Size

3.5
3.7
2.9
3.1
3.4

In addition to the analysis of the data by modal choice, it was also possible to 

analyse the data by breaking it down by different route choices as shown in Table 5- 

10. Approximately 40 percent of the sampled commuters chose to travel into the CBD. 

20% remained within the central area with the rest commuting orbitally around the 

metropolitan area or following a reverse pattern. There was only a small difference 

between the average annual household incomes of the radial and orbital group of 

commuters. However, the average household income of central and reverse 

commuters fell between $10,000 and $12,000 below the entire group's average.

A similar pattern emerged in regard to the availability of cars within each group. 

The average radial commuter belonged to a household that had on average 2.9 cars 

available to its members. For the orbital commuter, the car availability measure 

increased only slightly to 3.04 cars per household on average. Central and reverse 

commuters had on average 2.15 and 2.38 cars available to the household respectively. 

This data supported the finding that nearly every adult, or individual of driving age, 

had a car available as part of the available transport options and is therefore consistent 

with findings in the literature (Downs 2004) as well as with the findings from the pilot

survey.

The average travel time for a one-way trip was approximately 50 percent longer 

for the individuals travelling into the CBD than for commuters who travelled within
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the CBD. The average time spent on a one-way trip was approximately 37 minutes. 

Travellers on orbital and reverse routes spent slightly less than the average on their 

average one-way trips.

The analysis of the commuting budget yielded some interesting observations. By 

far, the monthly budget spent by radial commuters is the largest with approximately 

$161 compared to an overall average of $122. Central and reverse commuters spent 

significantly less on transportation, with 50 percent and 75 percent of the overall 

group's average. The orbital commuter's average monthly budget was close to the 

group's overall average.

5.6.8 Modal and Route Choices

Overall, approximately 51 percent of commuters used the car in their commute, 

35 percent used an option that places them on an MBTA bus or train, with 

approximately 15 percent falling into the remaining modal choice alternatives. More 

than 90 percent of the sampled orbital commuters chose solo car travel in their 

commute to work. The MBTA, or any mode partially involving public transport, did 

not appear to be an option for this group. Again, this might be out of choice or due to 

the limited nature of MBTA routes. A similar trend could also be found for reverse 

commuters, even though the modal share for solo driving fell to just below 70 percent. 

Reverse commuters had the advantage over other motorists that their paths run 

against the traditional radial traffic flow. Only one third of the reverse commuting 

group used an option other than solo car travel.

Radial commuters were split between using the car and the MBTA. 28 percent of 

commuters in this group drove to and from work by themselves. 16 percent used 

carpool and other non-transit options and the rest, approximately 56 percent, used the 

MBTA for at least a part of their commute. Table 5-11 shows this information.
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Table 5-11
Modal choice Summary by Route

Radial
Car (Drive alone)
MBTA
Car & MBTA
Other (Carpool, Vanpool etc)
Subtotal

Orbital
Car (Drive alone)
MBTA
Car & MBTA
Other (Carpool, Vanpool etc)
Subtotal

Central
Car (Drive alone)
MBTA
Car & MBTA
Other (Carpool, Vanpool etc)
Subtotal

Reverse
Car (Drive alone)
MBTA
Car & MBTA
Other (Carpool, Vanpool etc)
Subtotal

Total Group
Car (Drive alone)
MBTA
Car & MBTA
Other (Carpool, Vanpool etc)
TOTAL

Note: Bicycle use, walking, and
combined in "Other".

Count

57
42
72
33

204

155
2
1

12
170

24
43

8
26

101

18
7
1

-
26

254
94
82
71

501

Share (%)

28
21
35
16

100

91
1
1
7

100

24
43
8

26
100

69
27
4
0

100

51
19
16
14

100
all vehicle pooling alternatives have been

Commuters that used the car also needed to use a parking option at some point 

along their commute. The CTPS (2003) assessed the parking inventory in the City of 

Boston and concluded that between 1983 and 1997-98 the quantity of available parking 

spaces stayed relatively constant with annual increases not exceeding 0.5 percent. The 

study differentiated between on-street and off-street parking. The trends in both 

categories were fairly the same. On-street parking spaces numbered 120,191 and off- 

street parking numbered 196,760 in 1997-98. These estimates included different user
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categories such as residential or business use without breaking out specifically 

employer provided parking. Over the same period of time, parking costs increased at 

a rate greatly exceeding inflation. Due to increasing car registrations and the limited 

expansion of the parking space inventory, a scarcity has been created causing higher 

fees as a result.

In the obtained sample, 339 commuters, or 68 percent of the sample, required 

parking during their travel to work. Among this sub-group, 244 commuters, 49 

percent of the sample and more than two-thirds of the subgroup, had the option of 

employer provided parking. The rest needed to park their cars either on street, in 

MBTA parking garages, or in public garages. The majority of commuters, 235 

individual, taking advantage of employer provided parking did so free of charge. For 

all others, the estimated cost was on average $8.18 per working day.

Table 5-12 
Parking Options

Type of Parking
Employer provided 
At MBTA station 
Public garage 
On street 
Total

Free Parking 
Average daily cost for all 
commuters who pay for 
parking:__________

Count
244
44
33
18

339

235

The data on the availability of parking was broken down by looking at different 

commuting routes and to what extent the commuters along those routes had parking 

provided to them by their respective employers. Based on the collected data, more 

than 90 percent of the orbital commuters used a form of employer provided parking. 

In most cases, the parking, as indicated in Table 5-12, was free of charge.

Approximately 25 percent of radial commuters had provided to them by their 

employers. In only 50 percent of these cases was the parking arrangement free of 

charge to the commuter.
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5.6.9 Stated Reasons for Modal Choice

Part of the survey contained questions targeting the stated reasons for the 

commuters' modal choice decisions. Data capturing the preferences of commuters 

towards different attributes of each mode was collected by using Likert scales, named 

after the psychologist who developed their use and analysis. It is a scaling technique 

that allows a subject to express relative agreement or disagreement to a statement or 

question (Veal 1997). In the case of this questionnaire, respondents could state if they 

felt that the attribute of the transport mode was important or not. In particular, the 

following five categories were given:

  Very important

  Rather important

  Indifferent

  Rather unimportant

  Very unimportant

Some of the stated preference data is shown in Table 5-13 below. The most 

dominant reasons for the individuals' modal choices were determined by using the 

most frequently given answer for each commuter sub-group. For all commuter 

groups, except the orbital group, travel time appeared as the top reasons for their 

chosen mode of transport.

Table 5-13 
Reason for Modal choices

Type #1 Reason 
Radial Travel Time 
Orbital No other option 
Central Travel Time 
Reverse_______No other option/Travel Time

Tables 5-14 and 5-15 show the responses regarding the relative importance of specific 

factors broken down by route pattern and transport mode.
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5.6.10 Key Factors influencing Decision-making

Across the board, travel time was important for all route and modal alternatives. 

90 percent of all commuters in the sample said that travel time was either important or 

very important to them. This was consistent across all route and modal choices. In 

the case of reverse commuters, this percentage reached 100 percent. The concern for 

travel time was also found when individuals were asked to evaluate the importance of 

the predictability of travel time. Consistently, for a high percentage of all commuter 

groups, the predictability of travel time was ranked as either important or very 

important.

The extent of congestion was ranked as important or very important by close to 

80 percent of all travellers except for radial commuters for whom this percentage was 

60 percent. There was a link to the travel time issues considering the delay that is 

anticipated and experienced when congestion on roads increases. In the case of radial 

commuters however, these individuals might already anticipate the congestion trends 

and therefore did not regard this factor as anything within their control.
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Travel cost rninimisation ranked, on average, closely behind travel time and 

congestion. For example, 71 percent of all commuters said that travel cost was a very or 

rather important factor. The importance of costs was also represented by the ranking of 

other related issues such as the cost of parking, MBTA fares, or the cost of petrol. 

Interestingly, only 8 percent of radial commuters stated that the cost of petrol was a very 

important factor. This might directly reflect that radial commuters tend to use the car at 

lower rates than the average commuter. Monetary expenses were a clear concern for the 

sampled group of commuters regardless of their route or modal choice. Only in the case 

of individuals choosing to walk to work was the percentage ranking this factor as 

important below the 60 percent mark.

In general, factors that influenced or described the service quality of a mode of 

transport were ranked lower than either the travel time or cost variables. These service 

quality related factors included variables such as the use of a mobile phone, the ability to 

read the newspaper while commuting, family errands, or even privacy. Among these 

factors, the ability to run errands, protection from bad weather, and personal safety while 

travelling were ranked the highest by the entire commuter sample, with 50, 53, and 70 

percent respectively valued as either important or very important. Whereas personal 

safety and weather issues were a clear concern for all commuters in all modes of 

transportation, the ability to schedule and run errands before and after work was more 

important for car commuters. Other commuters were less able to engage in these 

secondary activities explaining the overall observed pattern.

Concerns for the environment or the ability to exercise while travelling were factors 

that played much less of a role than other variables. Only 36 and 19 percent respectively 

qualified these two factors as important or very important in the decision-making 

process.

5.6.11 Mode specific preferences

A closer look at the mode specific stated preference data, as shown in Table 5-15, 

confirmed some of the prior statements about commuter behaviour and preferences for 

the entire group. For example, 90 percent of car commuters said that travel time was 

important. This degree of importance also extended to congestion and any resulting
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delays from traffic as well as the predictability of travel time. The importance of travel 

cost was also significant; 62 percent of car commuters ranked travel cost as important, but 

less so than for the variable of travel time. Convenience factors such as the use of a 

mobile phone was only perceived as important by 24 percent of car commuters. Privacy 

while travelling was an issue for 45 percent, protection from bad weather for 63 percent, 

while car commuters also clearly stated (24 percent important and very important) that 

choosing an environmentally friendly option was not their main concern.

Commuters that chose the car and the MBTA in their travel appeared to mirror the 

travel time sensitive preferences of the car-only group. Again, 90 percent of the 

commuters in this group regarded travel time as important. However, this group's price 

sensitivity was greater since more emphasis was placed on travel cost. For example, 85 

percent regard travel cost as important or very important. This statement of high 

importance of overall cost may in part be driven by the importance attributed to parking 

expenses. 76 percent of this group of commuters regarded parking costs as either 

important or very important. In addition, there appeared to be a trade-off. The 

combined Car-MBTA group regarded activities such as the ability to read or 

environmental concerns as relatively important and by the same token did not value the 

ability to run errands or the use of cell phones while commuting as highly. In addition, 

privacy while travelling was not an important issue for this group; only 7 percent valued 

it as important or rather important, which is understandable considering that public 

transport was used at least partially during the commute.

The MBTA-only commuter group continued this trend, with a stronger emphasis on 

environmental concerns and the ability to use the time on public transport productively. 

Cost and travel time appeared as very important modal choice factors even though the 

cost of petrol was only considered as important or very important by 30 percent of the 

group. More than 90 percent of commuters stated that the reliability of MBTA travel was 

a very important or important component to their decision-making. Service quality 

factors appeared to be much more relevant overall for this particular group. 50 percent of 

the group considered environmentally friendly travel as either important or very 

important and one third of the group labelled the ability to exercise at least partially 

important. Only 9 percent of the group considered privacy an important issue and the
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ability to engage in other activities such as the use of mobile phones was not viewed as 

overly important.

The group of commuters that used a carpool or vanpool option showed a similar 

pattern as the average commuter. Travel time and travel costs were the two important 

key issues. The predictability of travel time as well as the cost of parking was also seen as 

important by a majority of travellers in this group. It is noteworthy to point out that only 

30 percent of this subgroup regarded environmentally friendly travel as either important 

or very important. One might have thought that the desire to protect the environment 

causes people to select carpooling but, based on the collected data, it is probable that cost 

considerations are the main justification for modal choice. Overall, there appeared to be a 

greater sensitivity to transport cost. For example, the cost of petrol and parking was 

ranked as unimportant by only 10 percent and 13 percent, respectively. However, the 

group was relatively small and heterogeneous so that general statements based on these 

findings can be misleading.

The preferences expressed by commuters using their bicycles repeated the overall 

emphasis on travel time and cost. However, factors such as the ability to read 

newspapers, using a mobile phone, or privacy while travelling were not important issues 

for this group. As was to be expected, 85 percent stated exercise as an important reason 

for their chosen mode of transport. This group of commuters probably lived in close 

proximity to their place of work and they had a desire to exercise while commuting. 

Hence, travel time and exercise were the (only) two factors that really motivated this 

group's decision-making.

The small sample of commuters walking to work was closely related to bicycle 

commuters in their statement of preferences. Travel cost and travel time appeared as 

important factors but the ability to exercise appeared to be the overriding reason for this 

group (79 percent important). However, individuals might actually walk to work for two 

reasons: (1) an incentive to support environmental conservation, and (2) they live within 

close proximity to the work location. This can be supported by the fact that 56 percent of 

commuters saw the environmental option as an important issue while 33 percent of 

individuals actually saw this as very unimportant. The latter group might have lived in
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such close proximity to their place of employment that any other option but walking was 
unfeasible.

Overall, travel time and travel cost appeared to be the most important variables 

determining commuter modal choices. These two factors were consistently regarded as 

important or very important regardless of how the sample was broken down. Slight 

variations existed for the less frequently chosen commuter modes such as walking or 

bicycling.

5.7 Modal choice Model

A quantitative modelling approach in the form of a multinomial logit model was 

used to determine if the trends as described in the previous section can be supported by 

the analysis of the sample data.

5.7.1 Approach

Chapter 3 outlined the general background of choice theories and applications 

relevant to commuter decision-making. Chapter 4 described the choice of methodology 

for the quantitative model used in this investigation. The quantitative analysis of the data 

allowed the assessment of the trends initially identified during the review of preference 

statements presented in Section 5.6.9. The task of the logit modelling, consistent with the 

research objectives outlined in Chapter 1, was therefore to determine which variables can 

be regarded as statistically significant and to assess their respective importance to 

commuters.

Logit models are applied in transport modal choice analysis as a standard tool used 

to understand travellers' modal choice decisions. These quantitative models address a 

modal choice problem by defining a probability that an individual will choose an 

alternative. According to the MNL model, the probability of choosing an alternative is a 

function of the deterministic component of the utility function as well as the probabilistic 

error term. The model assigns a probability of choice to each transport mode alternative 

based on the attributes of the particular mode, and the individual's characteristics. The 

multinomial logit model is repeated again below:
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(4-2)

Please see Chapter 4 for a more detailed discussion of the chosen methodology.

The Multinomial Logit model is based on the assumption that the utility of a trip 

alternative is determined by its deterministic and probabilistic component. The 

deterministic utility component depends on two things:

1. The attributes of the particular mode, and

2. The individual's characteristics

The analysis allows for the determinations of which of these independent variables are 

significant for modal choice. One of the objectives of this study is to analyse and identify 

the variables and factors that play a role in commuter mode choices. In addition, the 

relative importance of decision-making variables is also identified by use of this approach 

and by using the case study data collected for Boston for the calibration of the MNL 

model .

5.7.2 Definition of Choice Set

The set of data as described in Section 5.6.6 was fitted to a MNL model. The first 

step in the calibration of the model was the definition of the choice set. The modelling of 

discrete choice situations such as commuting requires that an adequate number of sub- 

samples exists for every possible alternative or that an appropriate number of individuals 

have chosen every mode of transportation. In practice, this means that for modelling 

purposes at least 15-20 individuals should have chosen every possible alternative (The 

SPSS Sample Problem 2004). In the case of the collected sample of Boston commuters, the 

groups that selected walking or bicycling as their method of transportation were very 

small and therefore did not meet this quantitative rule. Consequently, and in order to be 

able to generate valid results, the choice set was reduced by these groups.

It is unrealistic to assume that every commuter will have bicycling or walking 

available as a feasible transport alternative. Boston does not have any designated bike 

paths and the distances from the city's suburbs to the CBD are too great to be covered
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either on foot or by bicycle. Reducing the sample by this group therefore increased the 

validity of the analysis by excluding otherwise unlikely and improbable alternatives. The 

choice set was defined as the following set including only modal choices that relate to 

public transport or vehicle transportation:

CAR

CAR/MBTA

MBTA

POOLING

Solo car commute
This modal choice alternative included all individual travel 
in cars or on motorcycles.

Individual vehicle commute / Public transport use
For this option, all commute decisions that included a private 
vehicle as well as public transport were included. This might 
be the case for individuals who chose the commuter rail after 
having parked the car at the station, or persons that followed 
a similar path but use the MBTA subway system instead. 
The length of each respective journey was not taken into 
account. However, the assumption was made that the last 
segment of the journey was made on the MBTA system.

MBTA only commuters
This option covered public transport users, i.e. individuals 
that travelled on the MBTA network without the use of a 
private vehicle.

Multiple [2+] passenger vehicle commute
The pooling option contained cases in which commuters 
shared private vehicles or make use of organised van pooling 
schemes in the Greater Boston area.

5.7.3 Definition of Variables

In addition to the choice set, the independent variables needed to be defined. Table 

5-16 shows a summary of the variables used in the model.

The travel time information was obtained directly from the questionnaire responses. 

Times were given in intervals of 15 minutes. The midpoint of these intervals was used as 

an estimation of the travel time for each respondent. Similar methods were used to 

obtain information on the travellers' income and budget spent on commuting. In regard
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to the income variable, the ranges as they appeared on the questionnaire mirrored the 

ranges used by the US Census (2000).

Variable
Travel Modal
Choice

Travel Time

Monthly Travel 
Budget

Commuting 
Distance

Drive Time

Budget Share

Income

Car Ownership

Household Size

Average Car
Ownership
Constructed
variable 1
Constructed
variable 2
Constructed
variable 3

Variable
start/ end time

Parking 
Availability

Commuting
Destination

Table 5-1 6
Modal choice Variables

Variable Description

[Dependent Variable] observed from the questionnaire

Travel time (midpoint), in minutes, observed from 
questionnaire

In dollars, observed from questionnaire

Distance between work and home postal codes, Variables 
measures the direct driving distance or shortest route
(www.mapquest.com)
Driving time associated with shortest driving distance
between work and home postal codes, measured at speed
limit (www.mapquest.com)
Budget divided by Income, in percent, observed from 
questionnaire
Income (midpoint of income ranges), observed from
questionnaire
Total number of cars owned by household, observed from 
questionnaire
Total number of persons in household, observed from
questionnaire
Average car ownership, cars per person, observed from
questionnaire

CARS divided by DISTANCE

INCOME divided by DISTANCE

BUDGET divided by DISTANCE

Dummy variable, "1" if variation in start/end time is more
than 2 (days), "0" if variation in start/end time is less or
equal to 2 (days); observed from questionnaire
Categorical variable, "0" if commuter does not park a
vehicle, "I" if parking is provided by employer, "2" if 
parking is required and paid by commuter
Dummy variable, "I" if destination is CBD, "0" if
destination is not CBD; observed from questionnaire

Variable Code

MODE

TRAVTIME

BUDGET

DISTANCE

DRIVTIME

BUDG_INC

INCOME

CARS

HH_SIZE

CARPERIN

CAR_DIST

INC_DIST

BUD_DIST

VARIABLE

PARKING

CBD

The budget for each traveller was a subjective variable that was dependent on the 

respondents' answers. Respondents were asked what types of costs are included in their 

monthly budget. The answers varied widely and it was clear that some individuals used 

a stricter definition of generalised cost than others. However, the budget variable
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contained in most cases only the monetary cost of travelling to and from work. The 

perception of the costs and how they are incurred over a period of time influenced the 

answers to this question. The budget variable was therefore a representation of the 

perception of costs rather than the true monetary expense of travelling. Costs such as the 

maintenance, insurance or depreciation of a vehicle were not included by most 

commuters.

Variables capturing distance and driving time were estimated based on the 

respective 5-digit postal codes given for the residence and work locations. The internet 

based engine Mapquest (www.mapquest.com) was used to estimate the shortest driving 

distance and time between the two locations for each commuter. These estimates of time 

and distance were not perfectly accurate and identical to the actual factors considered by 

the commuter. In addition, postal codes cover a larger area and so the precise estimation 

of a person's residence or work location was impossible. The assumption made in the 

calculation was that the midpoint of the area described by the postal code was a 

reasonable approximation of the home or work location. Nevertheless, the less the 

proximity between home and work locations; the more of an inaccurate measurement 

this was likely to be. Variables such as the number of cars or household size were 

obtained from the survey directly.

The collected data also included three variables that were coded as categorical 

variables. First, the location of work was defined as within the CBD or outside the CBD. 

A value of "I" was assigned when the CBD was the location of the commuter's work. In 

addition, the variability of work start and finish times, or the number of times per week 

(the survey asked about the last 5 working days) that the start or finish time of the work 

were altered by more than 30 minutes, was captured as a dummy variable. A value of 

"I" was assigned when the variation of start/finish times was more than twice during the 

last five working days.

In addition, the availability and cost characteristics of parking were defined as a 

categorical variable. The information for each commuter was taken from the responses 

submitted through the survey. The variable could take three possible values; "0" if the 

commuter did not park a vehicle, "I" if parking was provided (either free of charge or at 

reduced cost by the employer) by the employer and on the employer's premises, and "2"
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if paid parking in public garages or private facilities was required. Because of missing 

information on the specific parking expenses for many commuters, the categorical 

definition of this variable was the only way to use this information.

5.7.4 Full Model Calibration

In its calibration process, the model containing all exogenous variables was initially 

run. Through log likelihood ratio tests, the statistically significant variables in the model 

were determined. For the purpose of this test, it was assumed that the significance level, 

or alpha, was equal to 0.05. The model was reduced by the variables that appeared to be 

insignificant, or did not add to its explanatory power. In addition, on a variable-by- 

variable basis, relative to each modal choice, factors that were not significant in relation to 

a specific modal choice were ignored when interpreting the results. Only if both stage 

tests yield statistical significance is the interpretation of the coefficient and variable in 

general valid (Logistic Regression 2004). This two-step interpretation of the calibrated 

model yielded findings that are presented in this section.

The data used in the model was modified in order to accommodate the reduced 

modal choice set as described in Section 5.7.2. The total sample used in the calibration of 

the MNL mode included 440 valid responses as shown in Table 5-17. The modal choice 

split of this modified sample mirrored the modal choice percentages found in the 

complete group of data. Approximately 54 percent of commuters used the car when 

driving to and from work alone. Combined car and MBTA commuters took up roughly 

18 percent of the total. Car and van pooling options and exclusive public transport use 

amounted to 9 and 19 percent of the total, respectively. The split between CBD and non- 

CBD commuters was 60 to 40 percent. Additionally, 56 percent of all commuters in this 

sample varied their start and end times on at least two occasions during a week.
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Data

Choice Variable

Job Location

PARKING

Variability of Start/End

Valid
Missing
Total

Table 5-1 7
Summary - Complete

Car
Car/MBTA
Car/Van Pool
MBTA
Non-CBD
CBD
No Parking
Employer Provided
Other paid Parking
Less than 2 variable days
More than 2 variable days

Data Case

N 
239
77
40
84
176
264
106
233
101
244
196
440
34

474

Marginal
Percentage (%) 

54.3
17.5
9.1
19.1
40.0
60.0
24.1
53.0
23.0
55.5
44.5
100.0

As measure of the strength of the association2, the log-likelihood ratio was 

calculated. In this case, the index was computed as 0.58. In addition, the pseudo R- 

square measures of Cox & Snell and Nagelkerke were estimated as 0.742 and 0.821, 

respectively. These statistics indicated a relatively strong association of the model to the 

commuter choice data because both coefficients were relatively close to the highest value 

of 1.0.

In addition, a hypothesis test for the overall model fit was conducted. The test 

yielded that using all variables in the model was more significant than using an intercept 

only model. The difference in the -2-log likelihood functions was approximately 596.6, 

which is highly statistically significant assuming a significance level of 0.05.

As an additional measure of the strength of association of the data, the model 

classification results were computed. The classification results are presented in Table 5- 

18. Overall, the calibrated model predicted 81.6 percent of all modal choices correctly. 

This level of accuracy increased for car commuters to 95 percent and exclusive public 

transport users to 84.5 percent. Joint car/MBTA choices were only predicted correctly in 

a little over two-thirds of all cases whereas car- or vanpooling commuters had a relatively 

poor fit with 22.5 percent correct predictions.

2 Goodness of fit" is a misleading term because this is not a linear regression model estimated by ordinary 
least square methods (OLS). In case of OLS estimation, the coefficient of determination captures the 
variation in the dependent variable that can be explained by variations in the independent variables. 
Discrete choice analysis does not allow the calculation of such a measure of determination but rather 
overall coefficients that in appearance are similar but that do not contain the same specificity when 
analysing them.
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The overall objective of this investigation is the determination of variables that 

influence modal choice in light of the increasing congestion problem in urban areas. As 

stated in previous sections, it is solo car travel that is largely responsible for traffic 

congestion. Hence, if solo car commuters' decision-making is understood, then effective 

policies to curb congestion can be developed on an improved information basis. This 

group of commuters, solo car travellers, that is the focus of this investigation is predicted 

nearly perfectly by the calibrated MNL model. The model therefore assists in the 

understanding of the decision-making of specifically this group of commuters based on 

premises laid out in Chapter 1.

The problem with the statistical classification measure is that it does not take into 

consideration how large the errors are in the model estimation. A modal choice is 

selected by using the largest probability, or actually the calculated utilities, for each case. 

But that does not take into consideration how close these probabilities are to each other or 

if the mode has a probability that by far exceeds all other values. Especially in cases 

when these probabilities are close to each other, this can result in misleading results and 

interpretation.

Table 5-1 8
Classification

Observed

Car
Car/MBTA
Car/Van Pool
MBTA
Overall Percentage

Car
227

8
17
4

58.2%

Car/MBTA
9
52
11
9

18.4%

Predicted 
Car/Van Pool

3
6
9
0

4.1%

MBTA
0
11
3

71
19.3%

Percent Correct (%)
95.0
67.5
22.5
84.5
81.6

Likelihood ratio tests were performed in order to analyse the statistical significance 

of the independent variables individually. Table 5-19 shows the results of these tests. In 

particular, the tests stated as a null hypothesis that the effect of the variable on the model 

was non-existent. The -2-log likelihood statistics of the model with and without the 

variable were computed. They are approximately chi-square distributed. The test 

statistics are reported as the chi-square statistics in the table. Using a significance level of 

0.05 for the hypothesis tests yielded the variables of travel time, car availability (car per
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person), the location of the work (CBD), and parking as significant predictive variables 

for modal choices overall. For these variables, the p-value was smaller than the chosen 

significance level of 0.05, causing the null hypothesis to be rejected in each case.

Based on these hypothesis tests, parking as a variable had by far the strongest 

statistical significance for the modal choice decision of commuters. The difference in - 

2-log likelihood functions was nearly 8 times larger for the parking variable compared to 

the next most significant variable, work location (CBD). Independent variables other 

than the ones listed above were not statistically significant meaning that they did not add 

to the explanation of the modal choice in this case. Ultimately, these variables were 

dropped from the analysis.

Table 5-19 
Likelihood Ratio Tests - Complete Data Case

Variable Code

Intercept
IRAN/TIME
BUDGET
CARPERIN
DISTANCE
DRIVTIME
BUDGJNC
INCOME
CARS
HH_SIZE
CAR_DIST
INC_DIST
BUD_DIST
CBD
PARKING
VARIABLE

Chi-Square

.000
15.938
6.998
8.193
2.205
4.250
.382

3.540
.823

2.874
.531
1.306
.392

22.133
174.934
4.503

P-value3

.001

.072

.042

.531

.236

.944

.316

.844

.412

.912

.728
.942
.000
.000
.212

Notes:
1.
2.

Please see Table 5-16 for an explanation of Variable Code. 

The chi-square statistic is the difference in -2 log- 
likelihoods between the final model and a reduced model. 
The reduced model is formed by omitting an effect from the 
final model. The null hypothesis is that all parameters of 
that effect are 0.

' The p-value is the significance level associated with the chi-square test statistic. It is the basis for the 
evaluation of hypothesis tests for each respective variable. The null hypothesis states that the coefficient 
of the parameter is equal to zero or the variable has no significant impact on the model. The alternative 
hypothesis is that the parameter is not equal to zero and therefore provides a contribution to the choice 
model. The result of the hypothesis test can be gathered by considering the p-value. If the p-value 
exceeds the chosen significance level for this analysis of 0.05, the null hypothesis cannot be rejected and 
the variable is deemed insignificant. A p-value smaller than 0.05 renders the variable significant because 

of the rejection of the null hypothesis.
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As part of the model calibration, the coefficients and their respective statistical 

significance were assessed on a mode-by-mode basis. Table 5-20 shows the coefficients of 

the statistically significant variables by modal choice, the coefficients applicable to each 

independent variable, the p-values used for the significance tests, and, lastly, the odds 

ratio, or the measure of odds of choosing a transport option as a function of the reference 

variable. The table is set up to give relative information. In other words, all coefficients 

and odds ratios are shown relative to the reference category, the exclusive use of public 

transport. Public transport was chosen as the reference category because it was the only 

modal choice that excluded the use of cars and comparisons between the use of the car 

and public transport were sought.

In particular, the odds ratios, Exp(B), were considered in more detail. A value 

greater than 1 indicates that a one unit change in the independent variable increases the 

odds of selecting the dependent variable (by the value cap hired in the ratio). An odds 

ratio of less than 1 indicates that an increase in the independent variable will decrease the 

odds that the dependent variable is chosen (again, by the value of the ratio). A ratio of 1 

indicates that the variables are statistically independent. These statements are valid 

when dealing with continuous independent variables. In the case of categorical variables 

such as the location of the commuter's workplace, the interpretation is varied by stating 

that the odds ratio describes the chance of selecting the dependent mode of transport 

over the base category.

Since all findings needed to be stated in relation to the reference category, each mode 

needed to be considered separately in comparison to the base category. As a first step, 

the sign of the coefficients was studied. Generally, one would expect travel time to be 

inversely related to most modes of transportation. This means that an increase in the 

travel time of the mode should make it less likely that this mode is chosen when 

compared to the reference category, the public transport option. In all three cases shown 

in Table 5-20 this was true. In addition, it was expected that the availability of cars, here 

captured as the ratio of cars per individual, should be positively related to any mode that 

used the car for at least a segment of the journey compared to the reference category. In 

the case of this model, a direct relationship was pointed out between the car ownership or 

availability variable and the solo driving mode as well as the car or vanpool option. The
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mode that included the joint use of the car and public transport was negatively related to 

this variable.

For car commuters, the variables of travel time, location of the job, and parking 

options were statistically significant. Consistent with the overall findings, parking had 

the most significant effect on the modal choice, or the choice between use of the car and 

the MBTA. Having employer provided parking available made a commuter more than 9 

times more likely to use the private car compared to the MBTA. This statement is based 

on the odds ratio as determined by the model and presented in Table 5-20. Parking in 

this case was a categorical variable. So the odds ratio described the odds of choosing the 

dependent variable compared to the base category when the underlying characteristic 

was met. A job located outside the CBD made a commuter 5.9 times more likely to use 

the car than public transport on his or her way to work.

Travel time was also strongly statistically significant as shown in Table 5-20. The 

relationship found implied that increasing the travel time by one unit made commuters 

approximately 5.7 percent less likely to use the car over the MBTA. Car ownership or 

availability did not appear to be statistically significant.

Table 5-20
Parameter Estimates - Complete Data Case

Choice Variable(a)

Car

Car/MBTA

Car/Van Pool

Notes:
1. Please see

Variable Code
Intercept
TRAVTIME
CARPERIN
[CBD=0]
[PARKING=.00]
[PARKING=1.00]
Intercept
TRAVTIME
CARPERIN
[CBD=0]
[PARKING=.00]
[PARKING=1.00]
Intercept
TRAVTIME
CARPERIN
[CBD=0]
[PARKING=.00]
[PARKING=1.00]

B

-2.704
-.059
1.726
1.778
-5.177
2.215
.838
-.012
-1.825
-.760
-2.947
-1.890
-3.271
-.078
.546
-.399
-1.058
1.832

Table 5-16 for an explanation of Variable

Std. Error

2.407
.022
1.979
.843
1.211
.846

2.381
.021
1.822
.985
.616
.966

2.692
.025

2.162
.901
.762
.956

Code.

P-Value

.261

.009

.383

.035

.000

.009

.725

.564

.316

.440

.000

.050

.224

.001

.801

.658

.165

.055

Exp(B)

.943
5.621
5.917
.006

9.159

.988

.161

.468

.052

.151

.925
1.726
.671
.347

6.249

2. MBTA is the reference category.
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For the joint car/public transport option, only parking (and specifically only the 

employer provided option) turned out to be nearly as statistically significant using a 

significance level of 0.05. The provision of employer parking made a commuter 

approximately 85 percent less likely to use this mode of transport when compared to the 

public transport mode alone.

For the car/van pooling alternative, the travel time and (employer provided 

parking) parking variables turned out to be statistically significant. In particular, an 

increase in travel time made a commuter 7.5 percent less likely to use this mode of 

transportation compared to the MBTA choice alone. Again, parking appeared to have a 

strong relationship to this modal choice. A commuter that had employer provided 

parking available was approximately 6 times more likely to use the car pooling option 

compared to the MBTA alone. The reason for this strong predictive relationship might be 

that car pools share the parking charges and it is probable that car pool relationships are 

formed around the availability of employer provided parking. So even parking provided 

by the employer for a fee increased the likelihood that commuters travel by sharing cars 

instead of using MBTA or public transport options instead.

Overall, the model indicated the strong statistical significance of only a limited 

number of variables. The model results showed that the location of a commuter's work, 

be it in the CBD or on the periphery, as well as the provision of parking, strongly affected 

modal choices. In addition travel time played an important role and exhibited strong 

statistical significance.

5.7.5 Reduced Variable Model Calibration

As a second step, all initially insignificant variables, according to the hypothesis tests 

reported in Table 5-21, were dropped from the model. The result was a multinomial logit 

model that only included travel time, the commuter's budget, the ratio of cars per 

individual, the location of the job (CBD), and the availability of parking as independent 

variables. Even though the budget variable initially was seen as being statistically 

insignificant, considering the close decision with a p-value of 0.072, it was included in this 

reduced model run. Based on findings from the literature review in Chapter 3, the
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analysis of transport decisions is largely based on generalised cost. It was therefore 

desirable to include a variable that captured some of the cost component.

The second run of the model was highly statistically significant with a difference in 

the -2-log likelihood functions of 572. The model fit slightly decreased by 24 units. Cox & 

Snell and Nagelkerke pseudo R-square statistics remained relatively high with 0.709 and 

0.783, respectively. The log-likelihood ratio fell slightly to 0.53.

The strength of association, again measured by the classification of the model, 

remained at above 80 percent for all modal choices taken together. The individual car 

option was correctly predicted in roughly 95 percent of all cases. Public transport and 

joint MBTA/car use options were predicted correctly in 85 and 67 percent of all cases, 

respectively. The predictive power of the model in regard to car pooling again was poor 

with only 14 percent. Again, caution should be used when evaluating the classification 

table as a measure of the validity of the model calibration. Table 5-21 shows the 

classification results.

Observed

Car
Car/MBTA
Car/Van Pool
MBTA
Overall Percentage

Classification

Car
236

9
19
6

58.2%

Table
- Reduced

Car/MBTA
11
54
10
8

17.9%

5-21
Model (Complete

Predicted 
Car/Van Pool

0
2
6
0

1.7%

Data)

MBTA
2

16
7

78
22.2%

Percent Correct
94.8%
66.7%
14.3%
84.8%
80.6%

The remaining variables are shown and documented in Table 5-22. All variables 

remained strongly statistically significant assuming a significance level of 0.05 supporting 

the first run and results of the model. Similar to the first run of the model, the variable 

describing parking was determined as the strongest statistical relationship by far.

The signs of the coefficients were examined to make sure that they were consistent 

with expectations. In regard to the solo car mode, the coefficient for travel time had a 

negative sign, similar to the first model run, whereas the coefficients for the budget and 

car availability variables carried positive signs. The direct relationship between 

availability and solo driving was unsurprising but the positive coefficient for th<: for the budget
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variable was unexpected. Essentially, the sign indicated that the greater a commuter's 

budget, the better the odds that the individual chose solo driving over public transport.

Table 5-22 
Likelihood Ratio Tests - Reduced Model (Full Data Set)

Variable Code

Intercept
TRAVTIME
BUDGET
CARPERIN
CBD
PARKING

Chi-Square

.000
30.596
60.486
15.508
27.205
196.785

P-Value

.000

.000

.001

.000

.000

Notes:
1. Please see Table 5-16 for a description of Variable Code.
2. The chi-square statistic is the difference in -2 log-likelihoods between the 

final model and a reduced model. The reduced model is formed by omitting 
an effect from the final model. The null hypothesis is that all parameters of 
that effect are 0.

For the joint MBTA/car mode, the coefficients carried the same signs as for the solo 

driving alternative. Hence, similar interpretations applied. For the car or vanpooling 

mode, again, the same coefficient signs were found.

The second or reduced model run yielded similar results as the full calibration 

described in Section 5.7.4. However, on a modal choice by modal choice basis slight 

differences could be noted. For the car modal choice, all variables were strongly 

significant using a 0.05 significance level as shown in Table 5-23. Especially the 

availability of cars, defined as the ratio of cars per individual within the sample, and 
parking appeared to be strong factors in the commuter modal choice decisions. 
Increasing the number of cars available to a commuter by one made it nearly 14 times 

more likely for this person to drive alone to work than to use the MBTA. Having 
employer provided parking spaces increased the odds of choosing this mode by a similar 

factor. Working around the periphery of Boston and not in the CBD increased the odds 

of choosing the car in the commute by a factor of 7. The travel time and budget were also 

significant. However, their relative impacts were less pronounced. An increase in travel 

time made an individual 5 percent less likely to use the car when compared to the MBTA. 

In the case of the budget spent, a high budget, or an increase in expenditures, indicated
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an increased likelihood, by 3.2 percent, of a commuter preferring the car to public 

transport.

For joint car/MBTA commuters, it was the travel budget and parking variables that 

were statistically significant. In particular, an increase in the budget spent on commuting 

increased the odds of an individual choosing the joint mode over the MBTA alone by 

roughly 2 percent. Employer provided parking reduced the odds of choosing this 

alternative over public transport by 66 percent.

Table 5-23
Parameter Estimates

Choice Variable
Car

Car/MBTA

Car/Van Pool

Notes:
1. Please see

Variable Code
Intercept
TRAVTIME
BUDGET
CARPERIN
[CBD=0]
[PARKING=.00]
[PARKING=1.00]
Intercept
TRAVTIME
BUDGET
CARPERIN
[CBD=0]
[PARKING=.00]
[PARKING=1.00]
Intercept
TRAVTIME
BUDGET
CARPERIN
[CBD=0]
[PARKING=.00]
[PARKING=1.00]

- Reduced

B

-2.500
-.052
.032

2.628
1.965
-4.861
2.595
-1.072
-.001
.022
1.104
-1.018
-2.526
-1.093
-4.109
-.016
.031

1.681
.292
-.642
1.982

Model (Full

Std. Error

.915

.015

.006

.749

.646
1.134
.716
.799
.014
.006
.663
.866
.491
.800
.963
.014
.006
.726
.683
.626
.797

Data Set)

P-Value

.006

.000

.000

.000

.002

.000

.000

.180

.961

.000

.096

.240

.000

.172

.000

.256

.000

.021

.669

.305

.013

Exp(B)

.949
1.032

13.845
7.136
.008

13.400

.999
1.022
3.017
.361
.080
.335

.984
1.032
5.372
1.339
.526

7.259

Table 5-16 for an explanation of Variable Code.
2. MBTA is the reference category.

The variables representing the commuter's budget, average car availability and 

employer provided parking, were statistically significant for the car and van pooling 

option. An increase in the budget caused an increase in the probability of choosing the 

pooling option by 3.2 percent compared to the exclusive public transport option. Higher 

car availability significantly increased the chance of a commuter travelling to work in a 

pooling relationship with other individuals. The odds increased roughly by a factor of 5 

based on the calibrated model. Even though this appeared counterintuitive, it is plausible
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that the availability of a vehicle is for many commuters the prerequisite of choosing a car 

or van pool option. Meeting points might require travel with one's own vehicle. 

Additionally, commuters might group together and take turns when deciding which 

vehicle to use for their trip. Employer provided parking remained a strong variable in its 

statistical sense. In effect, the provision of employer provided parking increased the odds 

of choosing the car-pooling modal choice over public transport by a factor of 7.3.

The reduced model run confirmed the findings of the full data calibration. In 

addition, positive relationships existed between the budget spent on commuting and the 

odds of choosing any but the reference mode. Please see Section 6.2 for a more detailed 

discussion of these findings.

5.7.6 CBD Model Calibration

Considering that commuters along orbital routes are influenced by the availability of 

free parking at their place of employment as well as the lack of feasible public transport 

alternatives, it was the group of radial CBD commuters that required further analysis. 

For radial commuters, the dominant decision-making factors appeared less clear. The 

composition of this group was different in terms of its modal choices. The smaller sub 

group had nearly evenly balanced shares of commuters using the car, the joint car/MBTA 

mode, and the exclusive MBTA mode. All three modal shares were between 29 and 30 

percent of the total. The car or van pooling option made up the smallest share with 12.5 

percent. Of the total sampled group, roughly half varied their start and end working 

time by more than two days each week.

The data used in the full data run of the model, as described in Section 5.7.4, was 

modified to exclude all orbital commuters. The distinction was made based on the CBD 

variable. That yielded a data subset containing 264 valid data points. In all four modal 

choices, the number of individuals numbered greater than 30. Hence, the choice set using 

this subset of data was regarded as valid.
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The group of commuters that ended its commute in the inner city, as shown in Table 

5-24, (this includes central commuters) was fitted in a multinomial logit model. The 

choice set and variables remained unchanged4 .

Data

Choice Variable

Variability of Start/End 
Time

Valid
Missing
Total

Table 5-24
Summary - CBD commuters

Car
Car/MBTA
Car/Van Pool
MBTA 

Less than 2 variable days
More than 2 variable days

only

N

79
75
33
77 

135
129
264
18

282

Marginal 
Percentage (%)

29.9
28.4
12.5
29.2 

51.1
48.9
100.0

The difference in the two -2 log-likelihood statistics, or the chi-square statistic, was 

equal to approximately 216. Hence, the model overall explained the underlying data 

better than a model specification in which all coefficients are set to zero. In addition, the 

log-likelihood ratio was estimated as being equal to 0.31, significantly below the ratios 

estimated for the full data calibrations. The Cox & Snell and Nagelkerke pseudo R- 

square statistics were equal to 0.559 and 0.601, respectively. These approximate measures 

of the overall significance were lower than in the full data case.

This version of the model predicted nearly 64 percent of all modal choices correctly 

as shown in Table 5-25. The public transport alternative was predicted the best with close 

to 85 percent of correct cases. Whereas the model including all groups of commuters 

explained solo car commuting very well, this model was much better at predicting 

exclusive public transit users. The individual car use option was predicted correctly in 

roughly two-thirds of all cases. The joint car/MBTA mode was predicted correctly in less 

than 60 percent of all occurrences. Again, the predictability of the car/vanpool option 

remained poor.

4 In this run of the model, the variable describing the available parking option was excluded. A near separation of the 
data was observed which overall produced an unstable model that could not be clearly interpreted.
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Table 5-25 
Classification - CBD commuters only

Predicted

Observed
Car
Car/MBTA
Car/Van Pool
MBTA
Overall Percentage

Car
52
13
8
4

29.2%

Car/MBTA
15
44
14
8

30.7%

Car/Van Pool
1
5
7
0

4.9%

MBTA
11
13
4
65

35.2%

Percent
Correct
65.8%
58.7%
21.2%
84.4%
63.6%

The test for the overall statistical significance of variables yielded that travel time, 

budget, and variability of start/end times were significant, assuming an alpha of 0.05. 

Income was very close to the cut off point and is included in the discussion for this 

reason. In the model run, travel time possessed the strongest statistical significance. The 

result and test statistics can be seen in Table 5-26 below.

Table 5-26 
Likelihood Ratio Tests - CBD commuters only

Variable Code 
Intercept 
TRAVTIME 
BUDGET 
DISTANCE 
DRIVTIME 
BUDGJNC 
INCOME 
CARS 
HH_SIZE 
CARPERIN 
CAR_DIST 
INCJ3IST 
BUD_DIST 
VARIABLE

Chi-Square 
.000 

14.924 
8.419 
1.256 
3.425 
3.429 
7.117 
2.406 
1.668 
4.994 
4.659 
.790 

4.927 
9.051

Sig.

.002

.038

.740

.331

.330

.068

.492

.644

.172

.199

.852

.177

.029

Notes:
1.
2.

Please see Table 5-16 for an explanation of Variable Code. 
The chi-square statistic is the difference in -2 log- 
likelihoods between the final model and a reduced 
model. The reduced model is formed by omitting an 
effect from the final model. The null hypothesis is that all 
parameters of that effect are 0.______________

The signs of the coefficients were again considered for analytical consistency. In 

case of the solo commuting option, travel time carried a negative sign whereas budget
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and income are determined as positive. The negative sign for the travel time variable was 

consistent with economic theory. An increase in travel time (and therefore generalised 

cost) should decrease the odds that this mode is chosen. Budget had a direct relationship 

which might describe the relationships within the data alone similar to the model 

calibration described in Section 5.7.5. Income, with a coefficient of zero was independent 

of the modal choice variable. The coefficient of the variable start/end time was negative 

which was to be expected. The less flexibility that was available to commuters, the less 

likely they were be to choose the car over public transport. The signs of the coefficients 

were identical for the car- and vanpooling option.

For the joint MET A/car mode, the budget variable had a negative sign. That was 

actually consistent with the notion that a higher budget indicated lower odds of choosing 

this mode of transport. Income and travel time as coefficients were equal to zero and 

therefore independent statistically speaking. Similar to the solo driving mode, the 

coefficient for the variable start/end time variable carried a negative sign.

The mode and commuter specific variables were assessed in regard to their relative 

impact on the decision-making process. For solo car commuters, an increase in travel 

time meant that they were 4.2 percent less likely to use the car when compared to the 

public transport mode. The budget and income variables were not statistically significant 

for the car modal choice. The most significant impact could be found by measuring the 

effect of variable working times. An individual that did not vary his or her starting times 

was approximately 70 percent less likely to use the car in the commute to work.

For the joint MBTA/car mode of transport, it appears that only income remained as 

a statistically significant variable. However, the coefficient of income was equal to zero 

which indicated that there was no measurable relationship between the reference 

category public transport and the joint MBTA/car modal choice.

In regard to the option of car or van pooling, only the travel time variable turned out 

to have any statistical significance as shown in Table 5-27. Specifically, an increase in 

travel time reduced the probability of an individual choosing the pooling option, 

compared to public transport, by approximately 6 percent.
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Table 5-27
Parameter Estimates - CBD commuters only

Choice Variable

Car

Car/MBTA

Car/Van Pool

Notes:

Variable Code

Intercept
TRAVTIME
BUDGET
INCOME
[VARIABLE=.000]
Intercept
TRAVTIME
BUDGET
INCOME
[VARIABLE=.000]
Intercept
TRAVTIME
BUDGET
INCOME
[VARIABLE=.000]

1 . Please see Table 5-16 for an explanation

B

-4.978
-.043
.014
.000

-1.238
-4.363
.000
-.001
.000
-.684
-6.004
-.060
.014
.000
-.244

Std. Error

1.845
.019
.013
.000
.464
1.946
.018
.013
.000
.456

2.424
.024
.013
.000
.571

Sig.

.007

.019

.282

.602

.008

.025

.995

.952

.023

.133

.013

.010

.285

.476

.669

Exp(B)

.958
1.014
1.000
.290

1.000
.999

1.000
.505

.941
1.014
1.000
.783

of Variable Code.
2. The reference category is: MBTA.

5.8 Predicted Impact of a Change in Parking Policy

One of the key findings of the analysis was the importance of parking as a variable 

that affects commuter decision-making. Therefore, the model results as described in 

section 5.8.4 were used to analyse how a change in the parking variable, and therefore 

ultimately a policy change, might affect overall modal choice decisions. For this impact 

analysis, it was assumed that all car commuters no longer receive any parking benefit 

(free or subsidised parking options). Rather, all costs are assumed to be paid for by the 

drivers themselves. Table 5-28 shows the predicted change in the number of commuters 

by mode and the modal shares.

Modal Choice

Car
Car/MBTA
Pooling
MBTA
TOTAL

MNL

Predicted Modal 
Shares (Base 

Case)

258 58.6%
80 18.2%

6 1 .4%
96 21.8%

440 100.0%

Table 5-28
Model Predicted Mode shares

Predicted Modal 
Shares (No Free 

Parking)

217 49.3%
119 27.0%

6 1 .4%
98 22.3%

440 100.0%

Change in # 
of 

Commuters
-41
39
0
2

Percentage 
Change of 

Commuters

-15.9%
48.8%
0.0%
2.1%

Change in 
Modal Split

-9.3%
8.9%
0.0%
0.5%
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As a result of the assumed change of parking policies, i.e. the elimination of all free 

parking for commuters, the model estimates that approximately 16 percent of all car 

commuters switch from solo car driving to the joint MBTA/car modal alternative. The 

predicted change is approximately equal to 20 percent for radial commuters only. This 

induced an overall modal share for solo driving that was reduced by 9.3 percent. The 

number of joint MBTA/car commuters is predicted to increase by 49 percent whereas 

exclusive public transport users are expected to increase by approximately 2 percent. The 

magnitude of these changes in modal choice behaviour is consistent with previous 

findings in literature. Shoup (1995) estimated that an elimination of all employer parking 

subsidies reduced the modal share of individual car travel by 25 percent; a number that is 

very similar to the findings in this investigation.

The change in policy would cause a shift from solo driving to the MBTA related 

mode, leaving all other modes nearly unaffected. In other words, the model predicted 

that commuters that used to drive and park at their place of employment now would 

drive to an MBTA station, park their car, and then travel via public transport to work.

A different picture emerged when radial and orbital commuters were considered 

separately, shown in Table 5-29. The elimination of free or subsidised parking induced a 

shift in mode choices primarily among radial commuters. Nearly all of the commuters 

predicted to switch to the joint MBTA/car mode were individuals travelling radially into 

the CBD. Among orbital commuters, the change in parking costs did not induce any 

large shift. Only approximately 10 percent of the total redistribution was created by 

orbital commuters.

Mode Choice

Car
Car/MBTA
Pooling
MBTA

Table 5-29
Impact by Route

Change in # of _ 
Commuters UrDltal

-41 -4
39 1
0 0
2 3

Radial

-38
38
0
0
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This further supported the finding that as long as orbital commuters do not have a 

choice or any alternative means of transport, a change in modal choices is nearly 

impossible to achieve.
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CHAPTER 6 

DISCUSSION & CONCLUSIONS

This chapter presents a summary of the research findings based on the case study 

described in Chapter 5. In addition, a discussion of the findings is provided leading to 

conclusions drawn from the analysis.

6.1 Summary of Findings

The analysis of the case study allowed significant decision-making variables to be 

pointed out for all commuters, but there were also some overall differences within the 

sample that could be identified. Commuters with higher incomes travelled longer 

distances and had higher monetary budgets allocated to their commutes. Regardless 

of income, the data indicated that all licensed drivers had access to a car for their 

commute to work.

Overall, radial commuters had a relatively even modal split when the different 

transport alternatives were considered in the case study. Orbital commuters on the 

other hand were predominantly solo car users. The large share of car use among 

orbital commuters created a need for parking. Indeed, 68 percent of all commuters in 

the sample stated that they needed to park their car at some point during their 

commute. A large share of this group was able to park the car free of charge. 

Assuming that all street parking, MBTA parking and public garages are costly to the 

commuter, then 96 percent of all employer provided parking was supplied at no direct 

cost to the car commuter. A similar percentage was determined during the pilot 

study, and respondents identified parking, in addition to convenience, as one of the 

key reasons for solo commuting by car. In effect, the pilot data showed that 90 percent 

of solo drivers had employer provided parking available to them.
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6.1-1 Commuter Stated Preference Data

The majority of commuters, or 90 percent of the respondents, regarded travel 

time as either important or very important. This was consistent with the sample's 

perception of the importance of the predictability of travel time as well as any delays 

due to congestion. Both of these variables were regarded as very important or 

important by a large majority of respondents. The percentage of individuals 

regarding travel time as important overshadowed most other decision-making factors, 

especially the variables that corresponded to any service quality issues associated with 

different modes. This was consistent with the findings from the pilot study as 

described in Section 5.6.2. During the pilot, commuters identified travel time as by far 

their most dominant concern when choosing a travel mode.

The second highest rated determinant of a travel choice according to the collected 

data was monetary cost. 71 percent of commuters in the sample viewed total travel 

cost as either important or very important. Cost was not a significant variable in the 

initially conducted pilot survey.

Congestion was identified as an important factor in the case study and pilot 

survey. The concern for congestion was less for radial commuters than for all other 

commuter groups. In the case of this group, these individuals potentially anticipated 

the congestion trends and therefore did not regard this factor as anything within their 

control.

Service quality was quantified as the ability to read a newspaper, make mobile 

phone calls, privacy, or protection from bad weather during the commute. The 

quality aspect also included the security associated with the use of a transport mode. 

In all cases, these issues were seen as less important than either travel cost or travel 

time. The only exception to this preference occurred for more environmental friendly 

transport modes such as walking or bicycling. For commuters using these modes, the 

ability to exercise during the commute or simply the protection of the environment 

was the most highly rated decision-making factor.
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6.1.2 Multinomial Logit Modelling Findings

In the full data model calibration, the variables of travel time, car availability, 

destination of the commute [or location of the work place, either inside or outside of 

the CBD], and parking were determined to be significant. For solo car commuters, 

parking and the job location carried the most significance. Indeed, car commuters 

were between 6 and 9 times more likely to drive alone to work than use public transit 

when parking was available and they had an orbital commute. For car- or vanpooling 

commuters, the availability of parking was also highly significant and employer 

provided parking caused them to be 6 times more likely to use pooling arrangements 

than to use public transit exclusively.

Similar findings emerged from the reduced model specification. Overall, the 

same variables were determined to be statistically significant. For solo car commuters, 

having employer provided parking and access to a car made this group up to 14 times 

more likely to use cars than to use public transport alternatives. An orbital commute 

meant that this group was 7 times more likely to choose the car over the exclusive 

public transit option. For the car or vanpooling group, the same trends were observed 

even though the factors describing the respective likelihood were about half in size.

In a third calibration, the multinomial logit model was rerun in order to assess 

any potential difference between CBD and non-CBD commuters, i.e. commuters that 

had or did not have the central business district as the destination of their commute. 

Only the CBD-commuters were chosen for this model run. Travel time again was 

determined as being highly statistically significant for all commuters regardless of 

their chosen travel mode. Variability in the individuals' starting and ending time also 

played an important role. Budget and income considerations were important for this 

sample subgroup.

The CBD-specific model calibration delivered practically a model descriptive of 

exclusive public transit users due to the high percentage of correctly predicted transit 

modal choices. Most variables, even if determined as being predictive, had a 

coefficient that did not create any changes in the dependent variable, modal choice. 

The only strong relationship that was found dealt with the variability of the start and
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end times of someone's work day and solo car driving. Specifically, less variation in 

these starting and ending times meant that it was more likely that exclusive public 

transit was chosen. Hence, a stable commuting pattern allowed users to choose public 

transit for their commute to work.

Overall, the availability to park a vehicle was by far the most significant variable 

in the analysis. Parking as a variable included either employer provided options at 

either full, subsidised or no cost to the commuter, parking at MET A stations, or 

private alternatives such as metered or on-street parking. The model indicated that 

changes in this variable also affected commuters. An elimination of subsidised or free 

parking was predicted to result in a reduction of solo car commuting of nearly 16 

percent. Solo car commuters were predicted to shift to joint use of public 

transportation and their cars. The modal change almost exclusively applied to radial 

commuters in which case the reduction of solo car commuting would be equal to 

approximately 20 percent.

The location of the commuter's job was also deemed important in the 

quantitative analysis. The variable was codified by using the categories of CBD or 

non-CBD indicating a work location either inside or outside of the inner city of Boston. 

Individuals who did not work in the CBD did to a large extent choose the car for their 

commute.

Travel time was the third variable that was determined as being strongly 

statistically significant in the analysis. The significance of travel time could be found 

throughout all model specifications and modal choices considered.

6.2 Discussion of Findings

It was the objective of this research to (1) identify the key variables influencing 

commuter modal choices in peak periods and (2) determine their relative importance 

based on an analysis of a case study of commuters in Boston, Massachusetts.

Decision-Making Factors

Whereas the vast majority of all commuters had similar decision-making factors 

that were mostly consistent with economic theory, a unique pattern about the budget
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variable could be observed in the full and reduced model calibration cases. The 

relationship between this variable and the likelihood to choose any transport mode 

was observed as being direct. In other words, the higher the budget of a commuter, 

the greater were the odds that the respective mode was chosen. If the budget variable 

was descriptive of the money spent on each travel mode then one would expect an 

indirect relationship to exist. A higher budget, or more money spent on a mode, 

should make it less likely that the alternative was chosen. However, the direct 

relationship merely described the data as it was collected from Boston commuters. 

The initial data review showed that car commuters and joint MET A/car commuters 

covered longer distances and therefore spent more money on commuting. As a result, 

this direct relationship was reflected in the outcome of the model because of the way 

the data for this variable was collected. The variable also contained the budgeted 

amount for transport and not the actual price thereof.

Differentiation between Radial and Orbital Commuters

The data showed that a distinction based on route choice between radial and 

orbital commuters needed to be made. The reason for this differentiated analysis was 

based on the fact that modal choice was largely different for these two commuter 

groups. 91 percent of the orbital commuters in the case study used the car as their 

means of travelling to work. Public transit, either exclusively or in combination with 

the car, was only chosen by 2 percent of commuters with this route pattern. On the 

other hand, radial commuters had a much more even modal split. 28 percent of 

travellers within this group drove alone to work in their cars whereas 56 percent used 

public transit for at least a portion of their journey.

This pattern was likely caused by two main reasons. Firstly, there is no feasible 

public transport alternative for orbital commuters and secondly most employers 

provide this group of commuters with parking that is either subsidised or entirely free 

of charge. As indicated in Chapter 5, the MBTA operates an extensive network of rail 

and bus service including a commuter rail and subway. The network is primarily 

designed to provide transportation for commuters whose destination is the inner core 

of Boston. For example, commuter trains end at two main stations only minutes away
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from the downtown area. Orbital travel on public transport is possible but in nearly 

all cases requires a trip into the city first. A traveller would have to take a train into 

one of the main interchanges and transfer to a different train line in order to reach a 

destination on the periphery of the city. In addition to this route pattern, the local bus 

systems at the end points of the commuter rail or subway stations are also not well 

developed in many cases. This means that long waiting times are required if buses are 

used to travel the last distances from the train stations to the commuter's ultimate 

destination. Considering the importance of travel time as shown by the stated 

preference data in Chapter 5 and during the pilot study, it is unlikely that this 

alternative is a feasible option for most orbital commuters.

In addition to the difficulties of travelling on the public transport system, 

employers make parking available to their employees at relatively low cost. In effect, 

96 percent of car commuters received parking at no cost from their employers as 

shown in Table 5-12. The data in the pilot survey also supported this provision of free 

parking to car commuters. Based on the analysed data, commuters have stated the 

importance for low journey times and travel cost. Parking in the downtown area of 

Boston can easily cost $30 on a daily basis. Parking away from the downtown area is 

cheaper but still contributes significantly to a commuter's overall generalised cost. For 

example, the case study data points out that for commuters who have to pay for 

parking the average daily cost amount to more than $8. Free parking provided by the 

employer therefore significantly lowers the travel cost by car. Combined with the 

time savings over public transport as described above, car commuting is a relatively 

low cost mode when only the private costs are being considered.

Radial commuters appear to be influenced by similar factors. This group of 

commuters considered journey time and travel costs or a combination of these nearly 

as important as their orbital counterparts. The modal choice pattern for radial 

commuters is much different though than for the orbital travellers. More than 50 

percent of individuals chose public transit for at least a portion of their commute to 

work. Individual car travel was less than 30 percent of the total. One of the key 

differences between the orbital and radial commuters is the fact that radial commuters 

actually have choices available to them. Travelling into the CBD means that a person
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can choose to drive, car- or vanpool, in rare instances walk or ride the bicycle, or use 

public transport. The existence of options for the travellers implies that a commuter 

might be able to make decisions based on the relative attractiveness of the mode by 

considering a variety of different variables.

For the group of radial commuters, travel time, the travel budget, and the 

variability of work start/end times were determined to be statistically significant 

based on the hypotheses tests. Unlike the variable parking for the complete model, 

none of these variables stood out as being overwhelmingly responsible for modal 

choices. Rather, based on the case study data, these variables appeared to determine 

modal choices in combination and commuters engage in a more balanced evaluation 

of the relative attractiveness of travel modes.

The Importance of Parking

As pointed out above, for the complete set of data, parking was determined to be 

the most influential variable in regard to modal choices. This is consistent with the 

findings of existing literature as outlined and described in Chapter 3. A change in this 

variable caused changes in predicted commuter decision-making and the ultimate 

modal split within the sample group. Parking can therefore be used as a policy 

variable and by changing its respective value, modal choices are likely to be affected. 

As described in Section 5.6.8, approximately 59 percent of commuters use their car 

alone for their trip to work. A large share of this group contains the orbital travellers 

in the urban area. If parking was no longer available at subsidised prices or even free 

of charge, commuters would alter their decision-making. But this applies mostly to 

radial commuters. Table 5-28 shows that, based on the calibrated model, an 

elimination of all free or subsidised parking reduces the number of all solo car 

commuters by 16 percent in the sample. This is equivalent to a reduction in the solo 

car modal share from 59 to 49 percent. For radial commuters only, the reduction in 

solo car use is equal to approximately 20 percent.

The model predicts that only very small number of commuters would choose the 

exclusive public transit mode. The majority of these travellers switching travel 

alternatives were predicted to use a combination of the MBTA and the car for their
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journey to work. The combined car/MBTA mode is predicted to increase by nearly 50 

percent.

These findings are very significant as they predict a potential capacity problem 

for public transport if parking was used as a primary policy variable. Based on Table 

5-3, approximately 2.3 million commuters in Massachusetts drive alone to work every 

day. Assuming that the share attributable to the Greater Boston Area is half of the 

total volume, the modification of parking policies would shift approximately 170,000 

commuters from the local roads towards public transport. This additional demand 

would significantly affect the daily operations of the MBTA system by increasing the 

demand for its service during peak periods in the morning and afternoon. In financial 

terms, both the revenues from fares as well as the operating costs would likely 

increase.

When asked during the pilot study, commuters indicated their resistance to 

making any changes to their modal choice. 50 percent of the car commuters said that 

nothing would cause them to switch transport options. However, answering the 

hypothetical question of the mode to which a switch would likely occur, respondents 

stated that they would switch to public transit or carpooling if they could no longer 

drive alone by car. Conceptually, this is at least in part consistent with the findings of 

the change in parking policy estimated by the MNL model. Commuters switch to 

public transit if induced by a change in travel attributes. Nevertheless, the switch to 

carpooling options as expressed during the pilot is not supported by the model results 

but might indicate the unavailability of public transit on non-radial routes. In 

addition, none of the model calibrations provided a good statistical fit for the 

carpooling option.

The reduction in solo car commuting was nearly exclusively due to radial 

commuter changing their decision-making patterns. In other words, commuters that 

have alternatives available to them change their behaviour in light of the increased 

cost of car use. Orbital commuters, with much fewer options available to them, stay 

with their existing modal choices. This is another indicator that commuters on 

different routes employ different strategies in their modal choice decisions. For radial 

commuters, several options remain close in their relative attractiveness. Therefore,
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changes in costs have the potential to alter decision-making on the margin and 

consequently modal choice. Orbital commuters face a situation in which other modes 

are not feasible, making the costs of those alternatives prohibitively high in terms of 

travel time or cost, if they are indeed practical at all.

6.3 Conclusions

The case study captured the modal choice decisions and behaviour of 501 

commuters in the Greater Boston Area. A detailed review of the data as well as 

multinomial logit analyses yielded findings that have expanded the knowledge of 

how peak-hour commuters form modal choice decisions. With an increasing 

congestion problem, it is important to understand the factors that determine modal 

choice and potentially allow policy makers to induce changes in commuter behaviour, 

i.e. cause a switch from the dominant use of the car to modes such as public transit or 

carpooling. The investigation has provided an insight into the relative importance of 

these decision-making factors and the resulting commuter modal choice behaviour 

based on the review and analysis of data obtained from the Boston metropolitan area.

The investigation was motivated by the notion that only when commuter 

decision-making is clearly understood, effective policies dealing with peak period 

traffic congestion can be developed. Even though it is not the goal of this research to 

develop a comprehensive policy framework, some recommendations for policy 

applications are provided in Chapter 7.

This research has addressed the theoretical side of modal choice by providing a 

review of the existing literature in this field. Modal choices are traditionally analysed 

based on standard microeconomic theory which assumes that consumers maximise 

utility subject to their respective budget constraints. In the case of transport, travellers 

create a derived demand for this good based on the actual activities that they are 

willing to engage in during or at the end of their trip. One of these activities is work. 

The focus of this analysis has been the peak hour commuter. For this category of 

traveller, the commute itself is costly. Therefore, decision-making models assume that 

a commuter will attempt to minimise the generalised cost of travel.
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General Decision-making factors

The decision-making process as a result is dependent on both personal, socio- 

economic, and mode specific attributes. Standard choice theory assumes that these 

attributes function in a compensatory way. Only the overall measure of generalised 

cost is important, and commuters are able to choose a transport mode based on the 

lowest cost incurred. Even though real world situations in many cases have been 

described as non-compensatory, or cases in which one factor regardless of all other 

costs directs the decision in one particular way, it is the traditional compensatory 

approach that has dominated transport modal choice modelling. Research in this area, 

as outlined in Chapter 3, agrees that this approach provides a good approximation of 

commuter decisions that can be used for analysis, policy purposes and forecasting. It 

is this approach that was used for the analysis of the case study in Chapter 5.

The review of the literature has shown a wide variety of factors that were found 

to be instrumental in decision-making in similar circumstances. These factors 

included habit, the availability of vehicles, public transport service and quality 

attributes, and pricing incentives, to name only a few. In regard to the case study, the 

focus was on the identification of which factors in particular are relevant and to 

understand their relative importance.

Identification of Important Variables

The investigation has identified a narrow group of factors that are directly 

responsible for modal choices. Whereas all commuters regarded journey time and 

travel cost as important, the MNL model results suggested that modal choices were 

primarily determined by parking and the choices that commuters have in this 

regard. Parking was clearly the variable that carried the most significance for 

peak period modal choice decisions. In many cases, parking was provided free of 

charge or at employer subsidised cost. By not being charged for parking, the cost of 

using the car was significantly reduced and, from a generalised cost approach, this 

provided a very strong determinant for solo car commuters to choose this mode of

139



transport. In addition, it was the type of commute, i.e. the CBD or non-CBD 

commute, which greatly affected modal choice decisions.

The availability and price of parking has the potential to be used as a policy 

variable in order to affect solo car travel. This factor was the most dominant factor 

in the commuters' modal choice decisions based on the analysis of the collected data 

and this finding is also supported by trends identified in the literature review.

Congestion has been identified throughout this investigation as being costly to 

societies due to the additional social costs that it imposes in the form of added travel 

time, wasteful petrol consumption, and any environmental damage. If commuter 

decision-making can be altered to affect the overall modal choices and induce 

travellers to use other modes than solo car travel, the effects from reduced 

congestion could be significant.

The case study data was differentiated so that conclusions based on different 

subsets of the sample, grouped by route or modal choices, could be obtained. The 

patterns, especially of the orbital or non-CBD commuters, were significantly 

different than their radial counterparts. Orbital commuters were nearly exclusive 

solo car commuters whereas for radial commuters a much more even split between 

different transport modes existed. Overall, commuters change behaviours as 

predicted by the calibrated modal choice models when underlying variables and 

factors change. This was the case for both the radial and orbital commuter sub- 

samples but the extent of these predicted changes differed greatly among the two 

groups.

Significant Factors for Orbital Commuters

The analysis of the data showed that for orbital commuters in the Greater 

Boston area several factors are regarded as very significant. These variables 

included the free or subsidised provision of parking and the lack of public transit 

infrastructure. The MBTA does not operate an orbital transit option that would, for 

example, allow commuters to travel from the south to the west or north of the city 

without entering the CBD. The MBTA's system is designed to serve the CBD and no 

distinct alternative exists that would run parallel to the two ring roads.
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These two variables were identified as highly statistically significant in the 

orbital commuting case. But the analysis also found that for orbital commuters it 

was the availability of parking that was important and not necessarily the parking 

charges. Even when it is assumed that all free or subsidised parking will be 

eliminated and replaced with parking at a cost, only a small share of orbital 

commuters actually are expected to change their modal choice based on the 

calibrated choice model.

Significant Factors for Radial Commuters

For radial commuters, the statistical relationships were not as strong and 

choices were made based on a variety of factors, all of relatively equal statistical 

significance. The analysis showed that radial commuters were placing less of an 

emphasis on one specific attribute. Trade-off behaviour was likely to occur as a 

result. Radial commuters were the group for which changes in policy variables 

actually provided an incentive to alter modal choices. Specifically, radial commuters 

were responsive to changes in parking fees. An elimination of parking fees caused 

nearly 20 percent of radial commuters to shift to joint MET A/car use as their modal 

choice.

This leads to the conclusion that commuters who have options available to them 

in the form of alternative modes, as is the case for this group of CBD commuters, are 

more willing to switch when the costs of an option changes. Orbital commuters did 

not show the same predicted behaviour because of a lack of public transit service 

along their chosen route. If these underlying factors do not change, it appears 

unlikely that orbital commuters can be induced to switch their preferred mode of 

transport from solo car driving to any mode that uses public transport for even a 

portion of the trip.

Overall, the research as presented in this dissertation has been able to 

accomplish its objectives. The purpose was to (1) identify the key variables influencing 

commuter modal choices in peak periods and (2) determine their relative importance. Even 

though areas for further research and investigation remain, and those are outlined in
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Chapter 7, this investigation has proven to be valuable in the understanding of the 

peak hour commuter behaviour and their respective decision-making.
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CHAPTER 7 

RECOMMENDATIONS FOR POLICY AND FURTHER RESEARCH

7.1 Introduction

Urban areas are increasingly faced with congestion problems, especially during 

peak commuting periods. It is the factors determining commuter modal choice 

during those peak periods that are the focal point of this investigation. Demand 

management as a policy instrument, as outlined in Chapter 2, is being applied in 

order to manage the existing road and public transit infrastructure more efficiently. 

An appropriate traffic reduction plan or strategy depends on the appropriate mix of 

options chosen as well as the way in which these traffic management tools are 

implemented and realised.

This chapter provides a set of recommendations for policy based on the analysis 

of the case study data. These recommendations can serve as suggested enhancement 

to the existing set of initiatives used in Boston as well as new ideas that could allow 

the city to successfully address traffic problems.

7.2 Policy Trends in Boston

In the evaluation of the existing travel demand management1 initiatives in 

Boston, policies targeting orbital and radial commuters need to be differentiated. 

The majority of initiatives adopted by the city of Boston are concerned with radial 

commuting patterns. HOV lanes exist for car commuters coming from the north and 

south of the city. The Massachusetts Turnpike, the access highway leading into the 

CBD from the west, has electronic toll collection devices installed and travellers that 

fit their cars with transponders can significantly reduce the time spent queuing at the 

toll booths. The MBTA has large parking garages available for commuter rail and

' Travel Demand Management (TDM) is defined as "programs [that] are designed to maximise the people- 
moving capability of the transportation system by increasing the number of persons in a vehicle, or by 
influencing the time of, or need to, travel" (Comsis 1994, p.l). TDM can also include changes in modal or route 
choice.
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subway users, all located along the periphery of the city. Vanpool and car pool 

programs, either publicly or privately organised, exist that allow for joint use of cars 

and vans. The primary focus lies in serving the traditional employment centre in the 

CBD.

Generally, the policy initiatives have primarily addressed the existing 

infrastructure for roads and public transit in addition to the expansion of more 

environmentally friendly alternatives such as car pooling or ride-sharing. Direct 

pricing policies have not been used as a tool to control and reduce congestion as of 

October 2005. It appears that the state of Massachusetts has taken strides to address 

congestion as a public concern but more direct steps might be possible and necessary 

in order to directly address these issues.

7.3 Suggested Enhancements of Demand Management Policies in Boston

The city of Boston has several initiatives in place that contribute to the overall 

management of peak period travel demand. Parallels can now be drawn between 

the current policies in Boston and the results derived from the analysis of the case 

study data. Please see Chapter 6 for a summary of these results.

7.3.1 Policy Recommendations for Orbital Commuting

The Greater Boston area has seen growing car traffic volumes for orbital routes 

as well as in the traditional radial corridors. There are two main problems that 

complicate the objective of addressing the congestion problem around the CBD:

1) The MBTA does not accommodate travellers who need to travel

circumferentially. Even though it is possible to travel by first entering the 

CBD, transferring services, and then travelling back out on a different line, 

this is likely to be prohibitive in terms of generalised costs. No orbital public 

transit route does currently exist.

2) Employers along the periphery in general have sufficient space and therefore 

make parking available to their employees at highly subsidised costs. Many
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employers indeed offer parking at no cost at all to employees. Parking that is 

free of charge will always be a strong deterrence of alternative forms of 

transport based on existing literature and case study findings.

In order to address the two problems outlined above, the case study findings suggest 

a three phased approach when dealing with orbital commuter patterns.

Modification of current parking policies -Based on the analysis of the case 

study, commuters are responsive to changes in parking availability and pricing. 

Hence, an effective policy addressing regional congestion by causing a change in 

modal choices appears to be the introduction of pricing for all parking spaces. 

Receiving free or subsidised parking is a form of compensation to an employee. It 

might also be a feasible alternative to allow employees to cash out their parking 

benefits in order to reallocate their funds more efficiently. Based on research 

presented in Chapter 3, it is highly probable that such modifications to the existing 

system of providing free parking or pre-tax parking benefits will strongly affect 

commuter behaviour.

In addition, the elimination of parking spaces available to commuters can 

impact behaviour. However, from a political perspective, this might be difficult to 

achieve. The introduction of such a policy might be regarded as inequitable because 

it creates an undue financial burden for orbital commuters who otherwise may not 

have alternative means of travelling to work.

However, the data suggests that orbital commuters are very unlikely to be 

influenced by the change to parking costs and availability. Even though the MNL 

model predicted that the elimination of all subsidised or free parking for solo car 

commuters will cause 16 percent of individuals in the entire sample to switch from 

solo driving to a joint car/MBTA mode, the percentage was much smaller for orbital 

commuters. It is therefore advisable to implement any modified parking policy 

along with other strategies that actually account for the lack of orbital public transit 

options that might be one of the reasons for the predicted reluctance of orbital 

commuters to alter behaviour as a reaction to higher parking charges and less 

availability
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Creation of orbital park-and-ride systems - When parking at the place of 

employment is discouraged, it creates an incentive for commuters to select an 

alternative mode of travel. In the absence of public transport network accessibility, 

the chosen option is either a car or vanpool modality. In order to facilitate this 

transition, orbital park and ride systems could be set up that allow commuters to 

park their vehicles in large garages and then share vehicles from there. The parking 

at these facilities could be free of charge as a further incentive. One could place 

several large parking facilities along the 1-95/128 and 1-495 ring roads. The location 

of these facilities should coincide with the connection of these roads and other large 

highways in the area such as the Massachusetts Turnpike.

Orbital Public Transit - The introduction of a parking levy scheme would 

undoubtedly create large cash flows even after the deduction of all administrative 

costs. These cash surpluses could now become the source for additional planning, 

investment, and construction activity of a public transit alternative.

The expansion of the public transport system that would be easiest to 

implement is an express bus system. The bus system could potentially cover the 

orbital ring roads and use the current subway and commuter rail stations as the 

starting and ending points for their journeys. The advantage might be that this 

orbital bus system could be installed by using some of the existing infrastructure 

reducing some of the otherwise potentially prohibitive start-up and investment 

costs. The problem of local transportation at the ending points or stops of such an 

express bus system still remains. Only very few communities have an independent 

local bus network.

The implementation of the approach overall would create two apparent benefits 

in this situation:

1) The acceptance of parking charges would be increased by demonstrating that 

these funds are used to improve other transport infrastructure (which in turn 

would reduce the level of congestion) instead of merely becoming a general 

revenue source for the local government.

146



2) The impact of the investment in orbital options would be lessened for the transit 

authority. Hence, fares for commuters travelling radially could be left unaffected 

by this expansion process. This is an important consideration due to the 

perceived fairness or equity of such a system.

In regard to the implementation of these three proposals, it is important that 

they will be started and realised at approximately the same time. The willingness of 

commuters or employers to pay parking fees will be impacted negatively if at the 

same time no progress is being made to establish feasible transportation alternatives.

7.3.2 Policy Recommendations for Radial Commuting

Based on the results and findings in the case study, decision-making by radial 

commuters is driven by slightly different variables and factors than circumferentially 

travelling individuals. It is important to realise the difference and develop a set of 

recommendations that addresses the congestion problem from a modified angle.

Improvement of MBTA service frequency and quality - Travel time was 

identified as one of the key factors that are important in decision-making for 

commuters. Service quality was mentioned by a large group of commuters but it 

was not seen as important as the journey time variable. The frequency of MBTA 

service, especially during rush hours, is one of the variables that can be altered from 

a policy perspective. Increasing the frequency would allow for travel times to be cut 

and also to reduce the total generalised cost of this modal choice. This provides an 

incentive for commuters to switch to public transit.

The increased frequency could be combined with added train capacity which 

provides for more comfort and ability to engage in other activities during the 

commute to work. As far as possible within the existing rail stations, longer trains 

could be used to add capacity. The guarantee to get a seat every morning allows the 

travellers to comfortably read the newspaper or engage in preparation for the 

workday ahead.
The frequency of trains might be more problematic and expensive for 

commuter rail lines for which the frequency during the day drops to one tram per
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hour from two trains during peak times. This would mean a large increase in capital 

and operating expenses for the transit authority. Doubling the frequency of 

commuter rail operations adds to the budgetary pressures and a potential necessary 

fare increase would clearly be counterproductive to the effort of making the train 

system more attractive.

In addition to the increased operating expenses, there would also be a large 

investment volume required to realise such a proposal. The track capacity would 

have to be assessed in regard to its ability to accommodate more trains and existing 

train stations may need to be upgraded in order to allow more passengers to pass 

through them or for longer trains.

Expansion of MBTA parking and pricing - Parking at most MBTA stations is 

limited and the parking facilities fill up very quickly during peak hours. In other 

words, the parking facilities at MBTA stations constitute a real bottleneck in the 

expansion of public transit as an alternative mode to solo car travel. Combined with 

increased quality of service and frequency improvements, an immediate investment 

would have to be made in order to add parking capacity at least at the large feeder 

stations at the end of the red, green, blue, and orange lines.

It might also be worthwhile to consider reduced parking fees at most stations. 

The analysis of data has shown that commuters regard monetary expense as an 

important factor. Low MBTA parking fees would guarantee that, from a financial 

point of view, the MBTA remains competitive and even attractive compared to car 

use.

Allow solo drivers to use HOV lanes for a fee (HOT lanes) - As a matter of 

modified policy, the currently existing HOV lanes could be made accessible to single 

occupancy vehicles for a fee to be paid upon entry into the lane. Toll collection 

would have to be by electronic means in order not to affect the flow of traffic. An 

introduction of these high occupancy toll (HOT) lanes could be structured so that 

access continues to be free of charge for high occupancy vehicles but access would 

also be permitted for drivers willing to pay. It would be possible to add these lanes 

to the already existing toll system in place on Tobin Bridge, the harbour runnels and 

the Massachusetts turnpike.
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The revenues generated from this scheme could be used to improve the road 

infrastructure and the HOV lane design. In addition, they could contribute to some 

of the public transit improvements as outlined above. The cross subsidisation is 

subject to the limitation and necessary changes in federal and local legislation2 . The 

approach would have the potential of mitigating the equity aspect and concern of 

such a policy. However, the current HOV lanes do not have much capacity and may 

simply not be able to accommodate additional paying vehicles.

General congestion pricing, or an area licensing scheme, is also a possibility for 

the users of the roads located within the city of Boston. However, having grown 

organically, the city does not contain the typical grid-like structure that can be found 

in cities in the Western part of the United States. A system that charges users for 

access to the infrastructure would likely be costly and difficult to implement. 

London is a case study of much larger proportions, a similar organic character, and a 

very successful adoption of the congestion charging system. The application of a 

similar approach would be possible in Boston but it might be difficult to create a 

consensus among all stakeholders and the public.

Elimination of Parking spaces & Introduction of Parking Levies - A strategy 

that includes the management of parking alternatives should address both the 

availability of parking as well as levies imposed on the existing parking 

infrastructure. A further increase in costs of parking relative to public transit would 

conceivably again shift commuters from private car use to public transport modes in 

order to minimise generalised costs. This might also be applicable in regard to the 

adoption of programs in which commuters would be able to cash out existing 

parking benefits received. The case study has shown that a shift towards a joint 

car/MBTA mode is very likely.

Similar to the orbital scheme, the revenues collected from these levies could be 

invested in the development of public transit alternatives or additional park-and- 

ride or vehicle pooling schemes. Upgrades and improvements in public transit

2 In July 2005, the United States Congress approved a new transportation spending bill with a total budget of 
$286 billion. However, the bill does not expand the funding and cross-subsidisation of transport projects. At 
the present moment, only very few road toll projects support public transport in their respective local area. 
Examples would be the Port Authority of New York/New Jersey and the operators of the Interstate 1-15 High 
Occupancy Toll lanes north of San Diego (Reason Public Policy Institute 2004).
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service quality are likely to be expensive and current revenues will not be available 

for such initiatives. Diverting the parking charges to such public transit 

improvements would again mitigate some of these financial impacts. Additionally, 

the existing public transit infrastructure would require additional funds in order to 

pay for the improvements in service quality and frequency, which both cause 

increased operating costs.

From a business operations perspective, it is unlikely that higher transit 

frequencies and improved service quality, especially on remote commuter rail lines, 

would create a net financial benefit or would be profitable for the MBTA. Rather, 

the cost of providing these improvements might by far exceed the revenues collected 

from the additional passengers.

7.4 Summary

Congestion as a policy issue is receiving more and more attention worldwide, 

including in the United Kingdom and the United States. Cities and municipalities 

have begun to experiment with different strategies that induce commuters to switch 

from cars to more sustainable forms of transportation, i.e. public transit. This 

chapter has specifically addressed the city of Boston and based on the results of the 

case study analysis, a set of suggested policy enhancements and new initiatives was 

recommended. The policy recommendations were differentiated between radial and 

orbital commuters due to the different circumstances and decision-making factors 

involved.

The data suggests that policies directed at parking options, travel time, and 

specifically orbital commuting alternatives might be appropriate in addressing the 

local congestion issues. Specifically, strategies targeting orbital commuters were 

suggested as the modification of existing parking management approaches, the 

provision of orbital park and ride schemes as well as the creation of an orbital MBTA 

public transport option. For radial commuters, it was suggested to improve MBTA 

service quality and frequency, expansion of MBTA parking facilities, the conversion 

of HOV to HOT lanes, and the active management of parking inventories in 

downtown Boston.
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7-5 Recommendations for further research

This investigation has been concerned with commuters in the Boston area but 
has only used a limited sample to do so. Additional research might be necessary 

among a larger group of commuters in Boston in order to validate some of these 
results and verify that the policy recommendations are applicable.

Even though the overall findings and policy recommendations are based on a 
limited sample, it is still likely that the majority of conclusions will hold up if this 

investigation is repeated at a different time in the Greater Boston area. The two 

significant factors, the availability of public transit alternatives and parking policies, 
are issues that have previously been identified in the literature. This is especially 

true for the parking variable. Without any short term modification to either, a 

repeated analysis, maybe prompted by a larger data collection effort, is likely to 

confirm the importance and statistical significance of these factors in commuter 

modal choice behaviour.

The research was unable to conclude definitively to what extent income and 

other socio-economic variables affect commuter modal choices. A more detailed and 
extensive data collection effort could also take these missing issues into 

consideration. Areas that provide interesting applications for research are the 

differences in modal choices between genders, age groups, lifecycle differences and 
to what extent different ethnic groups form decisions about transport options that 

are different from the average commuter in this sample.

The literature review has identified the conflict between compensatory and 

non-compensatory decision-making models. For the purpose of this analysis, the 

standard MNL specification, which is an example of a compensatory or trade-off 

structure, has been used. However, due to the fact that at least in part solo car 

commuters are influenced by a very small number of variables, it is possible that 

non-compensatory models may describe the behaviour of peak hour car commuters 

more accurately. Further research in this area should address if this change in 

methodology is realistic in terms of the prediction of actual commuter choices.
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It is also possible to speculate to what extent these findings could be transferred 

to other metropolitan areas in the United States or the United Kingdom. 

Considering that land use policies and historical urban development account for 

large differences in the structure of American versus British cities, the application of 

the result to another country may be problematic. Nevertheless, it is the importance 

of parking, and parking related policies, that has already been identified in the UK 

and that has now become part of the policy approach targeting congestion.

In the United States, many cities are faced with similar problems as the Boston 

metropolitan area. In addition, there are many cities that have a far less extensive 

public transit system available, which makes the dependency on the car even more 

pronounced. The importance of parking policies and the overall link to the available 

public transit infrastructure should be factors that not only dominate Boston, but 

maybe even more so the commuting patterns in other large cities in the US.
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APPENDIX A

PILOT SURVEY: QUESTIONNAIRE

Commuting Survey
This survey is part of my research into commuter behavior in and around the City of Boston.
Please take a little bit of time to fill in these questions. Your responses will be held in absolute

confidentiality. Please do not sign the survey form or note your name anywhere. Thank you. I
very much appreciate your help.

1. What is your home ZIP code?

2. What is your work ZIP code?

3. How many individuals live in your household (Including yourself)?

16 years of age and older 

Younger than 16 years

4. How many cars are available to all these individuals?
0 12 >=4

5. What is your household's annual income (before tax)?

<$20K $20-50K $50-75K $75-100K >= $100

6. What time do you begin work in the morning?

7. What time do you end work in the evening?

8. How many times over the last week have you varied your hours 

by more than 30 minutes from these times?

0 123

9. How many hours are you scheduled to work each week?

0-20 20-30 30-40 >40

10. How long does it take you to travel to work each day (average day)?
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In minutes: 0-15 15-30 30-45 45-60 >60

11. Please indicate how you commute to work under normal circumstances 
(your most recent normal trip to work)?

Drove alone in the car
Drove alone, then took public transportation

Dropped off at MBTA stop, then took public transport

Walked to MBTA stop, then took public transport
Took public transportation the entire way
Shared ride, then took public transportation
Rode in a multi person carpool
Dropped off at work by spouse/friend/significant other?
HOV Lane
Drop child at daycare
Bicycled
Walked

12. Why have you chosen your commuting method? 

Convenience 
Cost
No other available transportation option 

I like my car
13. If you took public transportation, did you take? 

The bus 
The red line 
The green line 
The orange line 
The blue line 
Commuter rail

14. What concerns you most in your commute to work? 

Overall travel time door-to-door 
Cost of commute
Finding a convenient parking space 
Congestion on streets and highways 

Frustration of congestion

173



Bad weather 
No concern

Please answer the following questions if you COMMUTE ALONE BY CAR:
15. Where is the car usually parked?

Employer provided parking (paid or unpaid)
Paid parking
On street
Park at public transport station

16. What are your reasons for driving alone to work? 

Enjoy my privacy 
Irregular work hours 
Need car for work related trips 
Do not have any option 
Need car for emergencies 
Need car to transport children 
Difficulty finding carpool partners 
Driving alone takes less rime 
Concern for personal safety 
Transit routes/schedules are not convenient 
Enjoy driving my car 
Convenience

17. If you were not able to drive alone in your automobile, which option would you choose?

Public Transport (MBTA Subway)
Public Transport (MBTA Commuter Rail)

Walking
Bicycling
Carpool
Have someone drop you off at work

Other

18. What factor may make you shift to public transport?

Improved frequency of buses/trains 
Availability of seat 
Lower fare
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Higher price of gasoline 
More convenient location 
Nearest to my house 
Guaranteed Seat 
Nothing
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APPENDIX B 

QUESTIONNAIRE

Appendix B includes the questionnaire used for the data collection among Boston area 

commuters. The survey was based and hosted by a website called 

www.freeonlinesurveys.com. All responses were collected by the host of the website 

and then downloaded by the researcher in form of a Microsoft Excel spreadsheet.

176



Commuter Behaviour Survey
This survey is part of the University of Glamorgan's research dealing with 
commuter behavior in and around the City of Boston.

Please take a little bit of time to answer the questions as truthfully as possible. Your 
responses will be handled with absolute confidentiality. Please do not provide your name 
anywhere on this form.

Filling out this survey should not take any longer than 5-10 minutes. 

Thank you very much. We appreciate your help.

1) What is your WORK ZIP CODE?

2) What is your HOME ZIP CODE?

3) YESTERDAY OR ON YOUR LAST WORKING DAY, when did you begin work in the 
morning?

C Earlier than 6:30am

C 6:30 am - 7:29 am

C 7:30 am - 8:29 am

C 8:30 am - 9:30 am

C Later than 9:30 am
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4) YESTERDAY OR ON YOUR LAST WORKING DAY, when did you end work in the evening?

Earlier than 3:30 pm 
C 3:30 pm-4:29 pm 

C 4:30 pm - 5:29 pm 
C 5:30 pm - 6:30 pm 

C Later than 6:30 pm

5) DURING THE LAST 5 WORKING DAYS, how many times did you vary the START TIME 
your work day by more than 30 minutes?

6) DURING THE LAST 5 WORKING DAYS, how many times did you vary the END TIME of 
your work day by more than 30 minutes?

C Never

C i
C 2
C 3

C 4

C 5
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7) YESTERDAY OR ON YOUR LAST WORKING DAY, how long did it take you to travel to 
work (one way)?

C 0 - 15 Minutes

C 16-30 Minutes

C 31-45 Minutes

C 46-60 Minutes

C More than 60 Minutes

8) What is your MONTHLY BUDGET (in Dollars) for your commute to work?

9) What type of expenses do you include when determining your monthly commuting 
budget?

r MBTA Pass/Tokens

r Gasoline
r Insurance

r General wear and tear of car

r Parking
r Highway Tolls

	Other

10) How did you commute to work YESTERDAY OR ON YOUR LAST WORKING DAY?

C Drove alone in my car
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	Drove alone, parked, then took MBTA 

K C Dropped off at station, then took MBTA 
C Used MBTA for the entire way 
C Shared ride then took MBTA 

C Rode in multi-person carpool to work 
C Dropped off at work 
C Used bicycle 

C Walked the entire way 
C Other

11) If you took PUBLIC TRANSPORTATION, which line did you take (please check all that j 
apply)?

The bus 

Red line 

Green line 

Orange line 
Blue line 
Silver line 
Commuter Rail

Other

12) What is your NUMBER ONE REASON for using your chosen mode of transport (as 
determined in #11)?

C Travel time

C Work hours
C Frequency of MBTA buses/trains
C Availability of seats on MBTA trains/buses

C Cost
C Parking Options
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Personal Safety

No other transportation option

• C Other activities (errand runs, drop children at school, need car for work) 
C Highway congestion

• C Bad weather

C Help the environment

• C Privacy 

C Exercise

13) What is your NUMBER TWO REASON for using your chosen mode of transport (as 
determined in #11)?

C
C

C

C

C

Travel time

Work hours

Frequency of MBTA buses/trains

Availability of seats on MBTA trains/buses

Cost
Parking Options

Personal Safety

No other transportation option
Other activities (errand runs, drop children at school, need car for work)

Highway congestion

Bad weather

Help the environment

Privacy

Exercise

14) What is your NUMBER THREE REASON for using your chosen mode of transport (as 
determined in #11)?

Travel time 

Work hours
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	Frequency of MBTA buses/trains 
C Availability of seats on MBTA trains/buses 
C Cost
C Parking Options
C Personal Safety
C No other transportation option
C Other activities (errand runs, drop children at school, need car for work)
C Highway congestion
C Bad weather
C Help the environment
C Privacy
C Exercise

15) What concerns you in your commute to work (please rate the given examples)?

Very Rather No opinion / Rather
important important Not applicable unimportant 

1 2 3 4

- i

Total travel cost

Cost of MBTA fare

Cost of parking

Cost of gasoline

Total travel time

Waiting time at MBTA stop

Congestion on streets and 
highways

Ability to run errands during 
the day

Need to pick up/drop off

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C *

C

C

C

C

C

C

C

C
children/spouse
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cytoreaa 
newspaper/work related 
literature during commute

c c

Ability to use cell phone *-* 
during commute

Privacy

Availability of seat on MBTA F-* 
train/bus

Reliability of MBTA trains & 
buses

Protection from bad weather

Personal safety

Predictability of length of 
journey

Want to choose 
environmentally friendly 
option

Exercise while commuting to 
work

c

c

c

16) IF YOU TRAVELLED BY CAR, where did you park the car?

I C Not applicable/do not drive
C Employer provided parking
C Public parking garage
C On street
C Park at MBTA station

C Other

17) IF YOU TRAVELLED BY CAR, what was the daily cost of parking?
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C Not applicable/do not drive
C Free

C Equal or less than $5 
C $5.01-$10 

C $10.01 - $15 

C $15.01 -$20 

	More than $20

18) IF YOU WERE UNABLE TO TAKE YOUR CAR, which option would you choose?

C Not applicable/Do not drive

C Public transport (MBTA)

C Walking

C Bicycle

EJ Carpoo I

C Have someone drop me off at work
C Other:

IF YOU COMMUTE ALONE BY 
lie transport (MBTA) instead:

Guaranteed seat on 
subway/trains

Lower MBTA fares

Less crowded trains

Beverages/snacks available 
on MBTA commuter rail

CAR, please

Definite 
switch 

1

C

c
c

c

rate the factors

Consider No(. si 
switch

c c.

c c
c c

c c

that might cause

Probably _ 
jre would not 

switch 
4

C

c
c

c

you to take

5

C

C

c

c
,^iis;L^-- ii.!iii»ss
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Internet connection available 
on MBTA commuter rail

Increased frequency of 
trains C

Increased number of MBTA 
police officers on trains and 
in stations

More convenient MBTA 
locations

Elimination of free/low-cost 
parking at work

Higher gasoline prices

Worsening of highway 
congestion

Toll ($) charged to enter City 
of Boston by car

Type of employment?

C Full-time (40+ hours)

C Part-time (Less than 40 hours)

C Not employed

>1) Type of job?

C Professional
C Executive/Managerial

C Administrative

C Technical

C Custodial
C Trade/Construction

C

C

C
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C Student

C Not applicable
C Other

22) What is your annual household income (before tax)?

C Less than $25,000
C $25,000 - $49,999
C $50,000 - $74,999
C $75,000-$99,999
C $100,000-$150,000
C More than $150,000

23) Including yourself, how many persons older than 16 years of age live in your 
household?

24) How many persons 16 years of age or younger live in your household?

None
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C One
C Two 
C Three 

Four 

C Other

25) How many cars does your household own?

C 0

C i
C 2

C 3

C 4

C 5

C Other:

26) Do you have any other comments?

d

Submit Survey
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APPENDIX C 

SPSS OUTPUT

Appendix C includes the output from SPSS (Version 10.5) that was used for the 

estimation of the multinomial Logit model.
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Full data model calibration (All variables)

Notes
Output Created
Comments
Input Data

Missing Value 
Handling

Syntax

Filter 
Weight 
Split File
N of Rows in 
Working Data File
Definition of 
Missing
Cases Used

Resources Elapsed Time

09-SEP-2004 15:28:12

D:\_Alex Files\PhD Research &
Materials\CURRENT - BACK-

UP\Commuting
Survey\Analysis\SPSS Final

AnalysislSurvey Data revised
032704_071104_no_w_b.sav

<none> 
<none> 
<none>

474

User-defined missing values are 
treated as missing.

Statistics are based on all cases with
valid data for all variables in the

model.

NOMREG mode BY cbd parking
variable WITH travtime budget

carperin distance drivtime budgjnc
income cars hh_size car_dist inc_dist

bud_dist /CRITERIA CIN(95)
DELTA(O) MXITER(IOO) MXSTEP(5)

CHKSEP(20) LCONVERGE(O)
PCONVERGE(O.OOOOOI)

SINGULAR(O.OOOOOOOI) /MODEL
/INTERCEPT INCLUDE /PRINT

CLASSTABLE PARAMETER
SUMMARY LRT .

0:00:02.21
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Choice Variable

Job Location

PARKING

Variability of Start/End 
Time

Valid
Missing
Total
Subpopulation

Case Processing Summary

Car
Car/MBTA
Car/Van Pool
MBTA
Non-CBD
CBD
No Parking
Employer Provided
Other paid Parking
Less than 2 variable days 
More than 2 variable days

N
239

77
40
84

176
264
106
233
101
244 
196
440

34
474

440(a)

Marginal 
Percentage

54.3%
17.5%
9.1%

19.1%
40.0%
60.0%
24.1%
53.0%
23.0%
55.5% 
44.5%

100.0%

a The dependent variable has only one value observed in 440 (100.0%) subpopulations.

Model Fitting Information

Model
Intercept Only 
Final

-2 Log 
Likelihood

1030.179 
433.561

Chi-Square

596.618

df

48

Sig.

.000

Pseudo R-Square
Cox and Snell
Nagelkerke
McFadden

.742

.821

.579
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Likelihood Ratio Tests

Effect
Intercept
TRAVTIME
BUDGET
CARPERIN
DISTANCE
DRIVTIME
BUDGJNC
INCOME
CARS
HH_SIZE
CAR_DIST
INC_DIST
BUD_DIST
CBD
PARKING
VARIABLE

-2 Log 
Likelihood of 

Reduced 
Model

433.561(a)
449.499
440.558
441.754
435.766
437.811
433.943
437.101
434.384
436.434
434.091
434.866
433.953
455.693
608.495
438.064

Chi-Square
.000

15.938
6.998
8.193
2.205
4.250

.382
3.540

.823
2.874

.531
1.306
.392

22.133
174.934

4.503

df
0
3
3
3
3
3
3
3
3
3
3
3
3
3
6
3

Sig.

.001

.072

.042

.531

.236

.944

.316

.844

.412

.912

.728

.942

.000

.000

.212
The chi-square statistic is the difference in -2 log-likelihoods between the final model and a reduced model. The 
reduced model is formed by omitting an effect from the final model. The null hypothesis is that all parameters of 
that effect are 0.
a This reduced model is equivalent to the final model because omitting the effect does not increase the degrees 
of freedom.

Parameter Estimates

Choice Variable(a)

Car Intercept
TRAVTIME
BUDGET
CARPERIN
DISTANCE
DRIVTIME
BUDGJNC
INCOME
CARS
HH_SIZE
CAR_DIST
INCJDIST
BUD_DIST
[CBD=0]
[CBD=1]
[PARKING=. 
00]
[PARKING=1
.00]
[PARKING=2 
.00]
[VARIABLE^
.000]

B

-2.704
-.059
.019

1.726
-.113
.166

-.149
.000
.244

-.110
-.009
.000
.012

1.778
0(b)

-5.177

2.215

0(b)

-.802

Std. 
Error

2.407
.022
.012

1.979
.105
.100
.532
.000
.658
.480
.507
.000
.022
.843

1.211

.846

.583

Wald

1.262
6.834
2.648

.761
1.176
2.771

.079

.303

.138

.052

.000

.159

.307
4.446

18.26 
9

6.846

1.896

df

1
1
1
1
1
1
1
1
1
1
1
1
1
1
0

1

1

0

1
., , I

Sig.

.261

.009

.104

.383

.278

.096

.779

.582

.711

.819

.986

.690

.579

.035

.000

.009

.169

Exp(B)

.943
1.020
5.621

.893
1.181

.861
1.000
1.277

.896

.991
1.000
1.012
5.917

.006

9.159

.448

95% Confidence 
Interval for Exp(B)
Lower 
Bound

.902

.996

.116

.727

.971

.304
1.000

.351

.350

.367
1.000

.970
1.133

.001

1.743

.143

Upper 
Bound

.985
1.044

271.824
1.096
1.436
2.442
1.000
4.640
2.297
2.677
1.000
1.056

30.887

.061

48.120

1.404
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Choice Variable(a)

Car/MBTA

Car/Van Pool

Choice Variable(a)

[VARIABLE=
1 .000]
Intercept
TRAVTIME
BUDGET
CARPERIN
DISTANCE
DRIVTIME
BUDGJNC
INCOME
CARS
HH_SIZE
CAR_DIST
INC_DIST
BUD_DIST
[CBD=0]
[CBD=1]
[PARKING=. 
00]
[PARKING=1 
.00]
[PARKING=2 
.00]
[VARIABLE^
.000]
[VARIABLE=
1.000]
Intercept
TRAVTIME

BUDGET
CARPERIN
DISTANCE
DRIVTIME
BUDGJNC
INCOME
CARS
HH_SIZE
CAR_DIST
INC_DIST

BUD_DIST
[CBD=0]
[CBD=1]
[PARKING=.
00]
[PARKING=1
.00]
[PARKING=2 
.00]
[VARIABI_E=
.000]

B

0(b)
.838

-.012
.006

-1.825
-.127
.174

-.016
.000
.559

-.588
-1.099

.000

.014
-.760
0(b)

-2.947

-1.890

0(b)

-.809

0(b)

-3.271

-.078

.020

.546
-.071
.180

-.240
.000
.208

-.141
-1.238

.000

.004
-.399
0(b)

-1.058

1.832

0(b)

-.117

B

Std.
Error

2.381
.021
.012

1.822
.096
.092
.525
.000
.681
.459

2.556
.000
.043
.985

.616

.966

.532

2.692

.025

.012
2.162

.105

.102

.557

.000

.758

.545
2.120

.000

.030

.901

.762

.956

.617

Std.
Error

Wald

.124

.333

.244
1.004
1.745
3.574

.001
3.011

.674
1.642

.185

.539

.108

.596

22.88 
9

3.828

2.308

1.477
10.10 

2
2.615

.064

.456
3.097

.186

.709

.075

.067

.341

.284

.020

.196

1.930

3.673

.036

Wald

df

0

1
1
1
1
1
1
1
1
1
1
1
1
1
1
0

1

1

0

1

0

1

1

1
st

1

1

1

1

1

1

1

1

1

1

0

1

1

0

1

df

Sig.

.725

.564

.621

.316

.187

.059

.976

.083

.412

.200

.667

.463

.742

.440

.000

.050

.129

.224

.001

.106

.801

.500

.078

.666

.400

.784

.796

.559

.594

.887

.658

.165

.055

.849

Sig.

Exp(B)

.988
1.006

.161

.881
1.190
.984

1.000
1.748

.556

.333
1.000
1.014

.468

.052

.151

.445

.925

1.020
1.726

.932
1.197
.786

1.000
1.231
.868
.290

1.000
1.004

.671

.347

6.249

.889

Exp(B)

95% Confidence
Interval for Exp(B)
Lower
Bound

.949

.982

.005

.730

.994

.351
1.000

.461

.226

.002
1.000

.932

.068

.016

.023

.157

.881

.996

.025

.759

.980

.264
1.000

.278

.298

.005
1.000
.947
.115

.078

.959

.265

Upper

1.029
1.031
5.728
1.063
1.426
2.756
1.000
6.635
1.365

49.966
1.000
1.104
3.223

.176

1.003

1.264

.971

1.044
119.484

1.144
1.461
2.344
1.000
5.441
2.527

18.481
1.000
1.065
3.926

1.544

40.704

2.979

95% Confidence
Interval for Exp(B)
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[VARIABLE= 
1.000J_ 0(b) 0

Lower 
Bound

Upper 
Bound

a The reference category is: MBTA.

Classification

Observed
Car
Car/MBTA
Car/Van Pool
MBTA
Overall Percentage

Predicted

Car
227

8
17
4

58.2%

Car/MBTA
9

52
11

9
18.4%

Car/Van Pool
o

6
9
0

4.1%

MBTA
0

11
3

71
19.3%

Percent
Correct

95.0%
67.5%
22.5%
84.5%
81.6%
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Full Data Model Calibration (Significant variables only)

Notes
Output Created
Comments
Input

Missing Value 
Handling

Syntax

Data

Filter 
Weight 
Split File
N of Rows in 
Working Data File
Definition of 
Missing
Cases Used

Resources Elapsed Time

09-SEP-2004 15:29:55

D:\_Alex Files\PhD Research &
Materials\CURRENT - BACK-

UP\Commuting
Survey\Analysis\SPSS Final

Analysis\Survey Data revised
032704_071104_no_w_b.sav

<none> 
<none> 
<none>

474

User-defined missing values are 
treated as missing.

Statistics are based on all cases with
valid data for all variables in the

model.

NOMREG mode BY cbd parking
WITH travtime budget carperin
/CRITERIA CIN(95) DELTA(O)

MXITER(IOO) MXSTEP(5)
CHKSEP(20) LCONVERGE(O)

PCONVERGE(O.OOOOOI)
SINGULAR(0.00000001) /MODEL

/INTERCEPT INCLUDE /PRINT
CLASSTABLE PARAMETER

SUMMARY LRT .

0:00:00.34

Case Processing Summary

Choice Variable

Job Location

PARKING

Valid
Missing
Total
Subpopulation

Car
Car/MBTA
Car/Van Pool
MBTA
Non-CBD
CBD
No Parking
Employer 
Provided 
Other paid 
Parking

N
249

81
42
92

188
276
115

242

107 

464

10

474

405(a)

Marginal Percentage
53.7%
17.5%
9.1%

19.8%
40.5%
59.5%
24.8%

52.2%

23.1% 

100.0%

a The dependent variable has only one value observed in 400 (98.8%) subpopulations.
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Model Fitting Information

Model
Intercept Only 
Final

-2 Log 
Likelihood

1082.543 
510.298

Chi-Square

572.245

df

18

Sic?.

.000

Pseudo R-Square
Cox and Snell
Nagelkerke
McFadden

.709

.783

.524

Likelihood Ratio Tests

Effect
Intercept
TRAVTIME
BUDGET
CARPERIN
CBD
PARKING

-2 Log 
Likelihood of

Reduced
Model

510.298(a)
540.894
570.783
525.806
537.503
707.083

Chi-Square
.000

30.596
60.486
15.508
27.205

196.785

df
0
3
3
3
3
6

Sig.

.000

.000

.001

.000

.000
The chi-square statistic is the difference in -2 log-likelihoods between the final model and a reduced model. The 
reduced model is formed by omitting an effect from the final model. The null hypothesis is that all parameters of 
that effect are 0.
a This reduced model is equivalent to the final model because omitting the effect does not increase the degrees 
of freedom.
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Choice 
Variable(a)

Car

Car/MBTA

Car/Van Pool

Parameter Estimates

Intercept
TRAVTIME

BUDGET

CARPERIN

[CBD=0]
[CBD=1]
[PARKING=.00 
]
[PARKING=1.0 
0]
[PARKING=2.0
0]
Intercept
TRAVTIME
BUDGET

CARPERIN
[CBD=0]
[CBD=1]
[PARKING=.00 
]
[PARKING=1.0 
0]
[PARKING=2.0 
0]
Intercept

TRAVTIME
BUDGET

CARPERIN
[CBD=0]
[CBD=1]
[PARKING=.00 
]
[PARKING=1.0
0]
[PARKING=2.0 
0]

B

-2.500

-.052

.032

2.628

1.965
0(b)

-4.861

2.595

0(b)

-1.072
-.001

.022

1.104
-1.018

0(b)

-2.526

-1.093

0(b)

-4.109

-.016

.031

1.681
.292
0(b)

-.642

1.982

0(b)

Std. 
Error

.915

.015

.006

.749

.646

1.134

.716

.799

.014

.006

.663

.866

.491

.800

.963

.014

.006

.726

.683

.626

.797

Wald

7.459
12.29 

5
31.19 

0
12.32 

6
9.241

18.36 
3

13.12 
6

1.798
.002

15.48 
5

2.772
1.382

26.50 
1

1.867

18.20 
1

1.292
30.32

7
5.357

.183

1.053

6.191

—————

df

1

1

1

1

1
0

1

1

0

1
1

1

1
1
0

1

1

0

1
1
1
1
1
0

1

1

0

_
Sig.

.006

.000

.000

.000

.002

.000

.000

.180

.961

.000

.096

.240

.000

.172

.000

.256

.000

.021

.669

.305

.013

'

Exp(B)

.949

1.032

13.845

7.136

.008

13.400

.999

1.022

3.017
.361

.080

.335

.984

1.032

5.372
1.339

.526

7.259

'

95% Confidence 
Interval for Exp(B)
Lower 
Bound

.922

1.021

3.193

2.010

.001

3.291

.973

1.011

.822

.066

.031

.070

.956

1.020

1.294
.351

.154

1.523

Upper 
Bound

.977

1.044

60.038

25.336

.072

54.558

1.026

1.034

11.067
1.972

.209

1.608

1.012

1.044

22.310
5.105

1.795

34.592

a The reference category is: MBTA. 
b This parameter is set to zero because it is redundant.
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Classification

Observed
Car
Car/MBTA
Car/Van Pool
MBTA
Overall Percentage

Predicted

Car
236

9
19

6
58.2%

Car/MBTA
11
54
10

8
17.9%

Car/Van Pool
0
2
6
0

1 .7%

MBTA
2

16
7

78
22.2%

Percent
Correct

94.8%
66.7%
14.3%
84.8%
80.6%
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Model Calibration [Only considers commuters working in the CBD]

Notes
Output Created
Comments
Input Data

Missing Value 
Handling

Syntax

Filter 
Weight 
Split File
N of Rows in 
Working Data File
Definition of 
Missing
Cases Used

Resources Elapsed Time

06-SEP-2004 12:07:58

D:\_Alex Files\PhD Research &
Materials\CURRENT - BACK-

UP\Commuting
Survey\Analysis\SPSS Final

Analysis\Survey Data revised
032704_071104_no_w_b_pnlyCBD.s

av

<none> 
<none> 
<none>

282

User-defined missing values are 
treated as missing.

Statistics are based on all cases with
valid data for all variables in the

model.

NOMREG mode BY variable WITH
travtime budget distance drivtime

budg_inc income cars hh_size
carperin car_dist inc_dist bud_dist

/CRITERIA CIN(95) DELTA(O)
MXITER(100)MXSTEP(5)

CHKSEP(20) LCONVERGE(O)
PCONVERGE(O.OOOOOI)

SINGULAR(0.00000001) /MODEL
/INTERCEPT INCLUDE /PRINT

CLASSTABLE PARAMETER
SUMMARY LRT .

0:00:00.97

Case Processing Summary

Choice Variable

Variability of Start/End 
Time

Valid
Missing 
Total
Subpopulation

a The dependent variable

Car
Car/MBTA
Car/Van Pool
MBTA
Less than 2 variable days 
More than 2 variable days

N
79
75
33
77

135 
129
264

18 
282

264(a)

Marginal 
Percentage

29.9%
28.4%
12.5%
29.2%
51.1% 
48.9%

100.0%

has only one value observed in 264 (100.0%) subpopulation
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Model Fitting Information

Model
Intercept Only 
Final

-2 Log 
Likelihood

706.390 
490.077

Chi-Square

216.312

df

39

Sig.

.000

Pseudo R-Square
Cox and Snell
Nagelkerke
McFadden

.559

.601

.306

Likelihood Ratio Tests

Effect
Intercept
TRAVTIME
BUDGET
DISTANCE
DRIVTIME
BUDGJNC
INCOME
CARS
HH_SIZE
CARPERIN
CAR_DIST
INC_DIST
BUD_DIST
VARIABLE

-2 Log 
Likelihood of 

Reduced 
Model

490.077(a)
505.001
498.496
491.333
493.502
493.506
497.195
492.483
491.745
495.071
494.736
490.867
495.004
499.128

Chi-Square
.000

14.924
8.419
1.256
3.425
3.429
7.117
2.406
1.668
4.994
4.659

.790
4.927
9.051

df
0
3
3
3
3
3
3
3
3
3
3
3
3
3

Sig.

.002

.038

.740

.331

.330

.068

.492

.644

.172

.199

.852

.177

.029
The chi-square statistic is the difference in -2 log-likelihoods between the final model and a reduced model. The 
reduced model is formed by omitting an effect from the final model. The null hypothesis is that all parameters of 
that effect are 0.
a This reduced model is equivalent to the final model because omitting the effect does not increase the degrees 
of freedom.

Parameter Estimates
Choice 
Variable(a)

Car Intercept
TRAVTIME
BUDGET
DISTANCE
DRIVTIME
BUDGJNC
INCOME
CARS
HH_SIZE
CARPERIN

__B_I

-4.978
-.043
.014

-.089
.148
.281
.000
.761

-.207
1.469

Std. 
Error

1.845
.019
.013
.096
.086
.515
.000
.517
.397

1.380

Wald

7.282
5.493
1,156

.865
2.973

.298

.273
2.170

.273
1.134

df

1
1
1
1
1
1
1
1
1
1

Sig.

.007

.019

.282

.352

.085

.585

.602

.141

.601

.287

Exp(B)

.958
1.014

.915
1.160
1.325
1.000
2.140

.813
4.346

95% Confidence 
Interval for Exp(B)
Lower 
Bound

.923

.989

.758

.980

.483
1.000

.778

.374

.291

Upper 
Bound

.993
1.039
1.104
1.372
3.638
1.000
5.890
1.768

64.923
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Choice 
Variable(a)

Car/MBTA

Car/Van 
Pool

Choice
Variable(a)

CAR_DIST
INCJDIST
BUDJDIST
[VARIABLE=.00 
0]
[VARIABLES. 0
00]
Intercept
TRAVTIME
BUDGET
DISTANCE
DRIVTIME
BUDGJNC
INCOME
CARS
HH_SIZE
CARPERIN
CARJ3IST
INCJDIST
BUD_DIST
[VARIABLE=.00 
0]
[VARIABLES. 0 
00]
Intercept

TRAVTIME
BUDGET
DISTANCE
DRIVTIME
BUDGJNC
INCOME
CARS
HH_SIZE
CARPERIN
CAR_DIST
INCJDIST

BUD_DIST
[VARIABLE=.00
0]
[VARIABLES. 0
00]

B

-.698
.000
.086

-1.238

0(b)

-4.363
.000

-.001
-.034
.089
.717
.000
.673

-.364
-.666

-1.211
.000
.060

-.684

0(b)

-6.004

-.060
.014

-.030
.139
.156
.000
.599

-.030
.918

-1.952
.000

B

.069

-.244

0(b)

Std. 
Error

.433

.000

.051

.464

1.946
.018
.013
.089
.079
.523
.000
.557
.377

1.432
1.908

.000

.054

.456

2.424

.024

.013

.103

.096

.575

.000

.654

.468
1.790
2.015

.000
Std.
Error

.053

.571

Wald

2.593
.000

2.897

7.106

5.025
.000
.004
.142

1.257
1.878
5.157
1.458

.933

.216

.403

.288
1.224

2.254

6.137

6.568
1.144

.082
2.069

.074

.508

.840

.004

.263

.938

.315

Wald

1.711

.182

df

1
1
1

1

0

1
1
1
1
1
1
1
1
1
1
1
1
1

1

0

1

1
1
1
1
1
1
1
1
1
1
1

df

1

1

0

Sig.

.107

.988

.089

.008

.025

.995

.952

.707

.262

.171

.023

.227

.334

.642

.526

.592

.269

.133

.013

.010

.285

.774

.150

.786

.476

.359

.948

.608

.333

.574

Sig.

.191

.669

Exp(B)

.498
1.000
1.090

.290

1.000
.999
.967

1.093
2.049
1.000
1.959

.695

.514

.298
1.000
1.061

.505

.941
1.014

.971
1.149
1.169
1.000
1.821
.970

2.505
.142

1.000

Exp(B)

1.071

.783

95% Confidence 
Interval for Exp(B)
Lower

.213
1.000

.987

.117

.966

.974

.812

.936

.734
1.000

.658

.332

.031

.007
1.000

.955

.207

.899

.988

.793

.951

.379
1.000

.505

.388

.075

.003
1.000

Upper
Bound

1.164
1.000
1.204

.721

1.036
1.025
1.151
1.277
5.717
1.000
5.838
1.455
8.502

12.534
1.000
1.179

1.232

.986
1.040
1.189
1.387
3.607
1.000
6.559
2.427

83.715
7.368
1.000

95% Confidence
Interval for Exp(B)
Lower
Bound

.966

.256

Upper
Bound

1.187

2.401

a The reference category is: MBTA.
b This parameter is set to zero because it is redundant
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Classification

Observed
Car
Car/MBTA
Car/Van Pool
MBTA
Overall Percentage

Predicted

Car
52
13

8
4

29.2%

Car/MBTA
15
44
14

8
30.7%

Car/Van Pool
1
5
7
0

4.9%

MBTA
11
13

4
65

35.2%

Percent
Correct

65.8%
58.7%
21 .2%
84.4%
63.6%
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