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Abstract 

 

This project explores strategies for improving university sustainable 

transportation efforts by exploring modal outcomes of Boston area university 

Transportation Demand Management (TDM) investments.  TDM programs are a critical 

strategy employed by universities to reduce greenhouse gas emissions and traffic 

congestion, and to promote sustainable transportation modes.  University TDM 

implementation has rapidly increased in the 21st century, yet both policies and outcomes 

vary significantly.  With a variety of tools and strategies employed by university TDM 

practitioners, it is crucial to assess these strategies and outcomes to optimize investments 

given university resource constraints.  This study builds on the extensive research of 

employer-based TDM practices, by exploring the pricing factors influencing modal 

outcomes of university-based TDM strategies.  Using a twelve-year commute mode data 

set compiled through the Massachusetts Rideshare Regulation along with pricing 

structures of institutional parking facilities and details on transit subsidies or lack thereof, 

I explore the hypothesis that university investments in TDM programs are correlated with 

decreases in single occupant vehicle (SOV) commute modes, and that among those 

investments, pricing structures are the most significant predictor of SOV reductions.  

Pearson product-moment correlation coefficient analysis revealed insignificant 

correlations between institutional pricing variables, and sample variance of assembled 

university mode data revealed a substantial range in data quality.  I conclude by 
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discussing the possible reasons for this inconclusiveness, and suggest ways to reform the 

Rideshare Regulation process. 
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Chapter I 

Introduction 

 
 

The transportation sector has a profoundly significant impact on climate change, 

accounting for nearly a third of U.S. greenhouse gas emissions (Maibach, Steg, & 

Anaable, 2009).  Transportation Demand Management (TDM) combats this trend through 

a series of strategies and policies to reduce peak vehicular travel demand by encouraging 

other modes and times of travel.  In recent years many universities have implemented 

TDM policies, and have made substantial financial, staff, and property investments to 

create transportation amenities.  These policies often incorporate pricing structures to 

disincentivize Single Occupant Vehicle (SOV) travel, through a mixture of pre-tax 

options and financial subsidies for sustainable transportation modes. With these recent 

developments, and the current climate of a rapidly evolving TDM industry, there is a 

need to assess the critical questions of how these university policies are affecting 

transportation modes, and if there are optimal strategies to achieve the highest return on 

investment. 

 
 
 

Research Significance and Objectives 

 
This thesis investigates sustainable transportation outcomes based on university 

TDM practices.  Previous research has explored modal outcomes for employer based 

TDM practices (Farkas, 2001), and varied university TDM techniques at North American 
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institutions (Fields & Parker, 2012), but a comprehensive analysis of the literature reveals 

no such research which combines both considerations.  By exploring the role that TDM 

oriented pricing structures play in regards to SOV rate reductions within universities, this 

research aims to improve our understanding of the most effective TDM strategies, which 

will be of particular value for universities just beginning the process of establishing such 

programs by providing a clearer direction to determine optimal strategies and desired 

outcomes.   

The objectives of this study are: 

• To explore influences of sustainable transportation strategies and policies in 

regards to lowering single occupant vehicle rates 

• To analyze university TDM efficacy through a comparison of larger demographic 

and localized university transportation mode trends 

 
  

Background 

SOV rates are important indicators in determining commute patterns and mobility 

options (Tischer & Dobson, 1979).  As universities are increasingly engaged in efforts to 

promote sustainable behavior among their populations (Cortese, 2003), it is important to 

examine how these transportation strategies, or a lack thereof, are influencing modal 

decision making, specifically SOV outcomes. 
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Universities as Sustainable Transportation Ecosystems 

Universities offer a uniquely advantageous platform to promote sustainable 

transportation and ultimately to help shape societal transportation patterns.  Numerous 

qualities make universities conducive to “early adoption of new ridesharing technologies 

and policy innovations” (McCoy et al., 2016, p. 1).  Such qualities generally include 

significant control over land and parking supplies, constrained footprints leading to high 

value of campus real estate often resulting in the appropriation of surface parking lots for 

university development, campuses that are often pedestrian and bicycle oriented rather 

than automobile oriented, and a younger and generally more experimental community 

more likely to be early adopters of new technology compared to the larger population.  

These qualities can contribute to the goal of a sustainable transportation tipping point, 

identified as a dynamic in which “the full suite of transportation options become reliable, 

convenient, affordable and otherwise attractive enough to compete with single occupant 

automobile travel” (Kay et al., 2014, p. 1). 

 

Travel Behavior Influences and Planning Strategies 

Research on travel behavior choice, and factors influencing transportation 

decisions, is relatively young and continuously evolving.  Attitudes and perceptions have 

been explored through the scope of the built environment with Bagley and Mokhatarian 

(2012) arguing that residential location has little impact on travel behavior.  Coa and 

Mokhtarian (2016) progress this concept, arguing that land use configuration and travel 

patterns do not demonstrate direct causality, and that attitudinal and socio-demographic 
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factors instead are the primary travel mode influencers.  In other words, home location is 

not the barrier to utilizing sustainable transportation, instead the most determinant factors 

are the attitudes and lifestyles of individuals, which in turn determine housing selection. 

Planners work to create environments which allow users to make rational 

transportation choices, and ideally shift the attitudes and lifestyles of those who choose 

auto-centric lifestyles.  The most significant variables in transportation planning are land 

use and distance, as only “when mixed land uses and short distances meet, [do] people 

have viable opportunities to live, work, and play without relying on an automobile” 

(Fields & Parker, 2012. p. 8).  In addition to being efficient and intuitive, successful 

sustainable transportation ecosystems are designed for all transportation modes to be 

equally accessible and practical where no single mode has an inherent or structural 

dominance (Fields & Parker, 2012) Successful TDM strategies should also present 

transportation options in these terms, where financial, structural, or attitudinal barriers do 

not impede from the utilization of sustainable transportation modes. 

 

Employer TDM Strategies 

Historically federal, state, and local governments have addressed roadway 

congestion by investing in additional road infrastructure and through regulatory 

approaches rather than managing infrastructure use.  The approach of TDM was a drastic 

mentality shift, developed out of the energy crisis of the 1970s.  The subsequent 

stabilization of oil prices and a trend towards continued auto-centric suburban 

development in the following decade led to TDM practices not being widely administered 
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(Gopalakrishna, et al., 2012).  Starting in the 1990s this inaction shifted as trip reduction 

ordinances enacted by municipalities and states placed “the burden to change commuting 

behavior on employers” (Farkas, 2001, p. 28). 

These ordinances, established on state and local levels, created the necessity for 

employers to adopt TDM measures, even if the outcomes of these practices were 

unknown.  Out of this sudden implementation of TDM programs, numerous studies were 

performed, exploring methods and outcomes of employer based TDM strategies.  Wachs 

(1991) explored the outcomes of various TDM strategies, and concluded that travel 

behavior can be influenced dependent on strong employer TDM efforts.  An exploration 

of major Baltimore employers found that measures increasing the monetary costs of 

driving alone to work, typically through increased parking costs, were more effective in 

reducing the vehicle miles traveled by single occupant vehicles compared to all other 

TDM measures (Betlyon & Steiss, 1994).  Farkas (2001) compared employer trip 

reduction techniques with modal impacts for employers in Philadelphia and Baltimore 

where parking charges were implemented along with ridesharing and transit subsidies.  

Over two years employers participating in the study reported that vehicle trips were 

reduced by approximately 5% as some SOV commuters switched to transit or carpooling.  

Based on the case studies in these two regions, Farkas concluded that “strong financial 

incentives/disincentives are required to bring about large shifts in commuting behavior” 

(Farkas, 2001, p. 31).  
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Boston Metropolitan Region Transportation Amenities  

The Boston area is rich in sustainable transportation features.  The Massachusetts 

Bay Transit Authority (MBTA) runs a comprehensive set of public transportation 

services consisting of light rail (Ashmont-Mattapan and green lines), heavy rail (blue, 

red, orange above and below ground lines), regional rail trains (commuter rail), regional 

ferry service, and bus service.  The system averages over 1.3 million passenger trips 

daily, making it the fourth busiest system in the country (Pollack, 2016).  The MBTA 

network is supplemented by regional transit authority and private bus lines as well as 

Amtrak rail lines, connecting Boston to geographic areas north, west, and south of the 

city.  The density of the Boston metropolitan area is conducive to relatively 

accommodating bicycle and pedestrian features.  The cities of Boston and Cambridge, 

many of the dense suburban communities in the region, along with the Massachusetts 

Department of Transportation (MassDOT), have adopted complete street policies with 

the goal of enhancing pedestrian and bicycle access, safety, and amenities through the 

creation and rebuilding of roads (Pollack, 2016).  On-street pedestrian and bicycle 

facilities include bike lanes, paths, cycle tracks and sidewalks.  Although these features 

span across the state, they are much more prevalent in the Boston area where density is at 
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its statewide peak (Figure 1).

 

Figure 1.  Massachusetts Bicycle and Pedestrian Facilities (Pollack, 2016). 

 

Factors including complex geographic barriers, a heavily developed urban core, 

the advanced age of many road networks, and community opposition to freeway 

expansion in the 1960s and 1970s (Mohl, 2004), have created a dynamic in which roads 

are heavily congested, especially during peak commuting times.  The average Boston 

area driver spends over 64 hours per year in traffic, accounting for the sixth longest time 

among metropolitan areas across the United States (Schrank et al., 2015).  High 

occupancy vehicle lanes allowing multi-occupant vehicles in specific lanes, along with 

park and drive lots allowing carpoolers to meet and drive to workplaces together, are 

available on some Massachusetts highways where space permits, but despite these 
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accommodations the average vehicular commute time for those traveling into the Boston 

area has consistently increased over the past decade (Pollack, 2016), statistics that mirror 

national trends for metropolitan areas both with and without comprehensive transit 

networks (Kneebone and Holmes, 2015). 

 

TDM Modeling and Outcomes 

Transportation modeling is a common application for planners looking to 

determine potential outcomes of proposed infrastructure investments, but rarely is the 

technique adopted for TDM.  An exception of this is Pansing, Schreffler and Sillings 

(1998) who evaluated regional TDM efforts through a standardized calculation method, 

estimating costs of various TDM efforts along with their estimated modal effects which 

were then converted to net emission reduction benefits.  This model effectively allows for 

a comparison of the investments made regionally for TDM efforts to their associated 

emissions reductions.  The model determined that “the use of parking pricing as a drive-

alone disincentive when coupled with [sustainable transportation] incentives had a 

particularly powerful effect on commuting patterns” (Pansing, Schreffler, & Sillings, 

1998, p. 101).  Projects enhancing bicycle facilities, although not as impactful as pricing 

structures, were cost-effective projects in terms of their emissions reductions, because of 

“the generally low start-up cost” (Pansing, Schreffler, & Sillings, 1998, p. 102).  This 

research stands out amongst other studies by demonstrating a powerful rationale for 

investing in pricing structures as part of comprehensive TDM efforts.  
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University TDM Strategies 

Despite numerous studies researching employer based TDM efforts corresponding 

to SOV rate reduction, an exploration of the literature reveals nothing comparable within 

university settings.  Fields and Parker (2012) analyzed varying TDM strategies of Yale, 

Harvard and Stanford Universities, but concluded that institutional TDM strategies must 

be “mindful of … institutional culture and local transportation infrastructure [which 

explains] why so many different approaches exist” (Fields and Parker, 2012, p. 11).  Rose 

(2008) and Shannon et al., (2006) utilized surveys to examine commuting patterns, 

motivators, and barriers at two different Australian universities, but did not attempt to 

compare university efforts to modal outcomes.  

Literature exploring transportation demand management strategies in university 

environments tends to not be oriented towards an academic audience and instead is 

primarily focused on tools and techniques for practitioners or advocates already in the 

field.  These pieces generally provide descriptive information on existing programmatic 

initiatives and case studies of successful programs (Hamilton, 2008; McCoy, Andrew, & 

Lyons, 2016).  Although useful in determining programmatic strategies of universities, 

this literature reveals a lack of consistency in common metrics and determinants of 

programmatic successes or optimization.  

  Institutional planning documents or master plans are a commonly utilized tool 

by university planning and transportation professionals.  Such documents are often 

created prior to the establishment of TDM programs or corresponding infrastructure 

development, and have been used to establish baseline metrics or benchmarking prior to 
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implementation (Tufts University Transportation Demand Management Strategies, 2015).  

Other planning documents and master plans assess progress and define long-term 

planning and growth prospects.  A subset of this literature (Mattera, 2016), establishes 

and compares metrics between peer institutions. 

Universities engage in a variety of strategies to shape transportation patterns in 

their community.  Institutional motivations are dictated by a plethora of considerations 

including grounds and facilities limitations, economic, productivity, health and 

environmental goals, university community relationships, as well as municipal, regional, 

and statewide ordinances and requirements.  Current university TDM practices are widely 

varied, and often operate on an inconsistent basis relative to available transportation 

amenities and best practices.  These inconsistencies are often aligned with structural or 

financial challenges facing universities, but they are also a result of a lack of clarity 

regarding optimal strategies, and a lack of established platforms for institutions to share 

and learn from one another.  TDM industry groups including the Association for 

Commuter Transportation (ACT) and the Center for Urban Transportation Research 

(CUTR) primarily tailor resources on a regional level for Transportation Management 

Organizations (TMOs), and on a local levels for Metropolitan Planning Organizations 

(MPOs), municipal practitioners, and transportation planners.  Despite the complexities 

and numerous successes of university TDM programs, within the existing academic and 

industry literature universities tend to be categorized as major employers rather than a 

unique employer subset.  This generalization in the literature has limited the significance 

of universities in the current TDM dialogue.  
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University TDM Vectors 

 Determining the effectiveness or impact of specific TDM measures in regards to 

SOV modal shift is a difficult exercise.  Successful TDM programs are a series of 

complementary measures which work most effectively as a whole.  For example, high 

parking rates alone accompanied by no other TDM measures will not discourage driving 

to work if an affordable alternative transportation option does not exist.  Alone, 

individual TDM measures may not move the preverbal needle, but the strength of 

successful programs depends on an array of TDM strategies to allow for numerous 

flexible commuting options.  Despite the challenges of determining the value of specific 

measures, there are consistent programs and policies that comprise nearly all successful 

institutional TDM programs.  These can be generally described within three categories: 

1) pricing structures and subsidies, 2) policies and strategies, and 3) resources and 

investments (Table 1).  The individual vectors within these categories have varying levels 

of complexity and cost (Figure 2), but successful TDM programs typically see 

accommodation of numerous vectors across all of these categories.  
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Table 1.  Factors Influencing SOV Rate in University Environments 

Sustainable 
Transportation 
Technique 
Variables Factors Influencing SOV Rate 
Pricing 
Structures and 
Subsidies 

1. Pricing of parking facilities at or above market rates 
2. Preferential, discounted or free parking for carpools or vanpools 
3. Pre-tax savings on transit and transit related parking up to state and 
federal limits 
4. Discounted or free transit subsidies 
5. Discounted or free access to car sharing vehicles 
6. Bicycle benefit program 
7. Monetary or time-back incentives for sustainable mode utilization 

Policies and 
Strategies 

8. Purposefully limited availability of campus parking 
9. Campus design prioritization of sustainable modes rather than 
automobile access 
10. Park and ride or park and pedal systems, allowing users to park at 
periphery or outside of campus to take a shuttle or bike to inner 
campus 
11. Distribution and outreach to campus community utilizing print, 
online, and in-person communication tools 
12. Formal telework, four-day work week, and off-peak commuting 
policies people to live to close campus 
13. Employer housing assistance incentivizing home purchases in 
proximity to campus 
14. Flexible commuter benefit programs allowing for mode selection 
variation and spontaneity 

Resources and 
Investments 

15. Dedicated TDM staff 
16. University shuttle system 
17. Pedestrian accommodations including sidewalks, crossings, 
lighting, and traffic calming 
18. Bicycle accommodations including bike parking, bike repair 
stations, bike lanes, traffic calming 
19. Bike co-ops or on-campus resource centers 
20. Bike share systems – internal or as part of a larger regional system 
21. Car share systems – internal or as part of a larger network 
22. Emergency or guaranteed ride home program 
23. End-of-trip facilities such as showers and locker rooms 
24. Dynamic parking and transportation information displays 
25. Peer support mechanisms allowing guidance and support from 
veteran commuters to novice commuters 
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Figure 2.  SOV Rate Factor Rankings by Complexity and Cost 

 

University TDM Pricing Structures and Subsidies  

 Pricing structures and incentives are a relatively common TDM tactic aimed at 

reducing SOV commuting.  From a commute time and flexibility standpoint, driving is 

often either perceived or in reality the most convenient transportation mode.  For 

example, a 2008 survey of MIT commuters indicated that 70% of those who drove work 

would add 15 minutes or more to their daily commute if they switched to transit (Block-
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Schachter and Attanucci, 2008).  TDM pricing structures and subsidies are oriented 

towards making driving a less appealing option despite some of the advantages of the 

mode, attempting to balance out time and convenience perceptions with financially 

competitive or less expensive alternatives. 

 Pre-tax mechanisms are available to employers as a transportation benefit for their 

employees.  These options typically save commuters 30-40% on transit or parking costs 

based on individual tax brackets and withholdings, as these commuting costs do not count 

towards annual income. 10% of all U.S. employers offer pre-tax options for their 

employers, among colleges and universities this number rises to 16% (Dutznik, 2014).  A 

smaller subset of these employers subsidize costs on top of pre-tax savings.  Such 

subsidies are generally found to be “not high enough to induce mode switch” (Attanucci 

and Block-Schachter, p. 53), typically because the cost of parking is maintained at a 

below-market rate.  Employer parking subsidies are often much higher than transit 

subsidies as “these parking subsidies are often derived from the ownership of real 

property, which also increases in value.  Thus employers may see parking lot subsidies as 

an investment rather than a cost.  Transit subsidies are recurring monthly costs that are 

paid to another agency; they cannot be recovered and do not provide potential future 

‘value’ to employers” (Attanucci and Block-Schachter, p. 53). 

 In rural or suburban areas, TDM efforts by employers are motivated by a variety 

of factors including trip reduction ordinances (TROs), environmental, and health and 

wellness goals.  In denser areas however, typically those with transit access, where land 

tends to be at a premium, employers can achieve significant financial savings through 
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TDM efforts.  Whether the cost of parking facilities are from constructing spots in an 

underground garage, or from the unutilized value of the land on a surface parking lot, 

employer parking facilities are generally cheaper for the employee than the actual cost to 

own and operate the parking facility (Block-Schachter and Attanucci, 2008).  Given the 

increasing value and demand for land in urban areas, reducing SOV travel can reduce 

investment in parking structures while increasing investments in industry oriented 

buildings.  

 

TDM Dynamics of Study Universities  

The six universities in this study, Boston College, Boston University, Harvard 

University, MIT, Northeastern University, and UMass Boston, employ varying levels of 

supportive policies, programmatic initiatives, and technological tools to promote 

sustainable transportation.  Harvard and MIT have long established TDM programs, with 

dedicated staff members and significant subsidies in place to encourage alternatives to 

SOV travel. Boston University has a burgeoning TDM program, with a dedicated staff 

member focusing on TDM since 2016, and recently implemented subsidies for transit, 

bicycling, and carpooling. Boston College, Northeastern University, and UMass Boston 

do not have active TDM programs, yet they employ campus planning strategies and, to an 

extent, escalate parking costs to encourage sustainable transportation commuting.    

Despite varying levels of commitment to TDM practices, the six institutions have 

many commonalities based on their geographic proximity.  The universities are within 

seven miles of each other (Figure 3), and as urban campuses in high density locations, all 
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six institutions have campuses served by transit, pedestrian, bicycle, and vehicular 

transportation options (Table 2).  In spite of the relative recency of the TDM field, the six 

universities have long maintained TDM conducive environments, with campus layouts 

designed to be walkable and easily accessible.  A diverse range of thousands of faculty 

and staff work at each university, and as higher education centers, cultural ethos are 

presumed to be similar across the institutions.  These universities offer a unique and 

dynamic comparative case study due to the common geographic features the institutions 

share, and the vastly different TDM investments and structures the universities have 

employed. .  

 
Table 2.  Institution Population and Transit Dynamics Comparison 

Institution Student Size Staff Size Transit Amenities 
Boston 
College  14,000 4,000 

·         MBTA Green Line – B Branch 
·         Inter-Campus Shuttle 

Boston 
University 31,000 14,000 

·         MBTA Green Line – B, C, D Branch 
·         MBTA Bus Lines 
·         MBTA Commuter Rail 
·         Inter-Campus Shuttle 

Harvard 
University 21,000 19,000 

·         MBTA Red Line 
·         MBTA Bus Lines 
·         Inter-Campus Shuttle 

MIT 11,000 12,000 
·         MBTA Red Line 
·         MBTA Bus Lines 
·         Inter-Campus Shuttle 

Northeastern 25,000 4,000 

·          MBTA Green Line – E Branch 
·         MBTA Orange Line 
·         MBTA Bus Lines 
·         MBTA Commuter Rail 

UMass 
Boston 17,000 3,100 

·         MBTA Bus Line 
·         Via campus shuttle: 
           - MBTA Red Line 
           - MBTA Commuter Rail 
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Figure 3.  Map of Study Universities and Transportation Amenities 
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Institutional Population and Transportation Dynamics 

 

Boston University 

Boston University consists of seventeen schools on two campuses. The primary 

campus is located in Boston’s Fenway-Kenmore and Allston neighborhoods and the 

Medical campus is located in Boston’s South End neighborhood. In total the university 

employs approximately 14,000 staff and serves 31,000 students (Hajjar, 2016).  BU’s 

Charles River campus is heavily integrated into the MBTA network, with the MBTA 

Green Line B Branch Line stops at nine BU locations along Commonwealth Avenue. 

Utilization of the Green Line B Branch by the Boston University population corresponds 

with the academic schedule, with summer ridership on the entire line decreasing by more 

than 50 percent (Ramos, 2017).  The Kenmore stop on the MBTA B, C, and D branches 

also serve several residence halls and other buildings on the periphery of campus.  Four 

MBTA bus lines serve the Charles River campus and the Yawkey Commuter Rail station 

provides connectivity to the MBTA Commuter Rail Framingham/Worcester Line serving 

communities west of Boston.  The Medical Campus is served by four crosstown busses 

connecting the campus with the Longwood medical area as well as downtown 

Boston.  The Massachusetts Avenue station on the MBTA Orange Line is three blocks 

from the Medical Campus, and connects the campus to the subway network.  For the 

purpose of this research, based on available data, the Boston University medical campus 

is not included in the study analysis.  The Boston University Shuttle connects the Charles 

River and Medical Campus, with thirteen stops across the route. The service provides 
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nearly 2 million rides to students and staff annually (The Trustees of Boston University, 

2012). 

Boston University established a TDM program in 2016, with a full time staff 

member dedicated to the program.  Transportation subsidies exist for carpooling, transit, 

and bicycle commuters, and average annual parking permits are currently $1,710 having 

increased an average of 4.4% on an annual basis since 2001.   

 

Boston College 

Boston College is a research university located in Chestnut Hill Village and 

Newton, approximately six miles west of downtown Boston.  In total the university 

employs approximately 4,000 staff and serves approximately 14,250 students. The 

western terminus of the MBTA Green Line B Branch is located at the campus. Boston 

College also runs a series of intercampus shuttles, connecting the different buildings on 

campus, but not providing connectivity to any additional MBTA routes. 

Boston College TDM efforts consist of pre-tax savings on transit options and a 

discounted carpool pass.  Average annual parking permits are the lowest cost of the six 

schools in this study, currently $579, having increased an average of 4.5% on an annual 

basis since 2005.   

 

Massachusetts Institute of Technology 

The Massachusetts Institute of Technology (MIT) is located in the Kendall Square 

neighborhood of Cambridge.  In total the university employs approximately 12,000 staff 
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and serves approximately 11,300 students.  The Kendall MIT MBTA Red Line Station is 

located on the northeastern edge of campus.  The campus is also served by several 

MBTA bus lines including the #1, CT1 and CT2 bus lines which provide connectivity to 

much of Cambridge and Boston.  MIT operates a series of intercampus shuttles, and 

commuters are able to utilize the EZRide shuttle operated by the Charles River TMA, 

connecting the campus to the Lechmere MBTA Green Line stop, and to North Station 

which serves the MBTA Orange and Green Lines as well as several Commuter Rail Lines 

from Northern Massachusetts along with Amtrak Downeaster service from New 

Hampshire and Maine. 

MIT has a well-established TDM program, with several full time staff members 

dedicated to the program.  Transportation subsidies exist for carpooling, transit, and 

bicycle commuters, and average annual parking permits are currently $1,900 having 

increased an average of 10.6% on an annual basis since 2007.  In 2016 MIT launched an 

innovative Access MIT program, increasing transit subsidies while allowing for a more 

mode inclusive flexible transportation benefits program.  Unfortunately based on the 

timing of this study the full impacts of this program are not reflected in the data. 

 

Harvard University 

Harvard University is comprised of three campuses in two different 

municipalities, in the Harvard Square neighborhood of Cambridge, and two in the Allston 

and the Longwood neighborhoods of Boston.  In total the university employs 

approximately 18,000 staff and serves approximately 21,000 students.  The three 
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campuses are located in transit rich locations.  The Harvard MBTA Red Line Station is 

located at the center of the Cambridge campus, and a variety of bus lines connect the 

Harvard Square station to proximal communities including Boston, Somerville, 

Brookline, Watertown, Belmont and Medford. The Allston campus is connected by 

several of these same bus lines, and is also served by the Boston Landing MBTA 

Commuter Rail station on the Worcester Line, allowing commuters from the Metro-West 

and Central Massachusetts communities to easily arrive and depart minutes from the 

Allston campus.  A proposed West Station which would add another point of connectivity 

on the Worcester Line has been delayed until 2040 (Viccaro, 2017).  The Cambridge and 

Allston campuses are connected via an inter-campus shuttle with nearly 700,000 riders.  

The M2 shuttle operated by the Medical Academic and Scientific Community 

Organization (MASCO) connects the Cambridge and Longwood campuses. 

The Longwood campus is served by the Green Line D and E branches, with the 

Longwood stop on D branch, and the Longwood Medical Area stop on the E 

branch.  Numerous bus lines connect the campus with many Cambridge and Boston 

neighborhoods, as well as the Ruggles MBTA Station which connects Commuter Rail 

lines from Metro-West, Southern Massachusetts and Rhode Island.  For the purpose of 

this research, based on available data, the Longwood Medical Campus is not included in 

the study analysis. 

 Harvard has a well-established TDM program, with several full time staff 

members dedicated to the program.  Transportation subsidies exist for carpooling, transit, 

and bicycle commuters.  Average annual parking permits are the highest rate of the six 
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schools in this study, currently $2,280, having increased an average of 7.4% on an annual 

basis since 2001.   

 

Northeastern University 

Northeastern University is a large, highly residential university located in 

Boston’s Fenway-Kenmore, Roxbury, South End and Back Bay neighborhoods. In total 

the university employs approximately 4,000 staff and serves approximately 25,000 

students.  The campus is heavily integrated into the MBTA network, with the MBTA 

Green Line E Branch stopping at four stops at campus stops along Huntington Avenue, 

and the MBTA Orange Line serving the campus at the Massachusetts Avenue and 

Ruggles stops.  Several MBTA Commuter Rail lines from Metro-West, Southern 

Massachusetts and Rhode Island also stop at Ruggles station.  The campus is also served 

by several MBTA bus lines including the #39 bus which parallels the E Line. 

Northeastern TDM efforts consist primarily of improvements in the built 

environment, including the installation of bike parking and repair facilities and the 

support of a Hubway bike-share station.  There are pre-tax savings available for transit 

riders through payroll deduction and average annual parking permits are currently $1,725 

having increased an average of 7.3% on an annual basis since 2002. 

 

University of Massachusetts Boston 

University of Massachusetts (UMass) Boston is the only public university in 

Boston and is located in Boston’s Dorchester neighborhood. The university employees 
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approximately 3,100 staff and serves approximately 17,000 students. The school is a 

commuter school, with no students living on-campus, although the first residence hall is 

scheduled to open in the fall of 2018.  The campus is connected via transit by two shuttle 

routes which arrive every 5-15 minutes traveling approximately one-mile from campus to 

the MBTA JFK/UMass station.  The JFK/UMass station serves both the Red Line and the 

Commuter Rail Lines originating from Southeastern Massachusetts.  The campus is also 

served by the #8 bus which originates in the Back Bay neighborhood of Boston. 

UMass Boston TDM efforts are minimal and not well marketed to the University 

population.  MBTA passes can be purchased on a pre-tax basis by faculty and staff, yet a 

2016 survey indicated that this benefit program is not well understood, with over 90% of 

staff respondents stating that they are unaware or uncertain of an existing pre-tax 

program (Graham, 2016).  There are two preferential parking locations on campus for 

carpools but no discount for carpoolers.  There are two Hubway bike-share stations on 

campus along with bike parking for approximately 100 bicycles throughout campus.  The 

cost of annual parking permits, $684, has not changed since at least 2008, the first year 

that pricing rates are available. 

 
 
Trip Reduction Ordinances 

Trip reduction ordinances (TROs) are requirements established by cities, states or 

regions to manage congestion and improve air quality through the promotion of 

alternatives to SOV travel.  Trip reduction ordinances are utilized widely in the United 

States as a tool oriented towards involving the private sector in TDM measures with the 
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hope that “by having employers and building owners involved in creating and promoting 

policies within their workplace, government is addressing [congestion and air pollution] 

at the source” (A Better City TMA, p. 3). 

  The Massachusetts Department of Environmental Protection (MassDEP) 

oversees a statewide TRO - the Massachusetts Rideshare Regulation.  This report is one 

of the oldest in the country, established in the late 1970s by the Massachusetts Executive 

Office of Transportation and Construction, and operated since 1995 by the MassDEP (A 

Better City TMA, 2014).  The Rideshare Regulation requires the submission of annual 

reports, and biannual workplace transportation surveys of commute modes, for all 

employers meeting the applicable count of employees and/or students. Applicable 

employees are defined as those who: 

• Work 17 or more hours per week for 20 or more weeks per year 

• Begin and complete their workday between 6AM and 8PM 

• Use their vehicle for work purposes (not commuting) less than five times 

per month 

Applicable students are defined as those who: 

• Are full time commuting students who live off-campus 

• Are scheduled to begin and complete classes between 6AM and 8PM 

• Use their vehicle for assignments or after-school work less than five times 

per month 
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Initially the rideshare regulation was intended for all Massachusetts employers 

with over 250 applicable employees, but staff constraints at the Massachusetts 

Department of Environmental Protection has resulted in a regulation in which only 

employers with 1,000 or more staff and students are required to comply - 157 companies 

as of 2014 (A Better City TMA, 2014). 

Rissel et al. (2014) explored the validity and reliability of workplace transportation 

surveys, and determined that individual survey responses are consistent with the accurate 

transportation mode.  In other words, survey respondents have been shown to be truthful 

when asked to identify their commuting mode.  There are however opportunities for bias 

in survey results.  SOV commuters who are not considering mode shift may not see a 

point in participating, while those interested in mode change and who may benefit from 

potential changes made in part by survey outcomes, may be more motivated to participate 

in the survey process.  Framing the workplace survey as a TDM measure is discouraged 

as it may introduce bias into respondent participation and may compromise the 

representative qualities of sample results (Groves et al, 2004).     

 

 
Research Questions, Hypothesis and Specific Aims 

Focusing on six Boston area universities, my research explores distinctly different 

university transportation models to determine what variables define relative sustainable 

transportation at universities, and how universities vary in the implementation and 
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support of sustainable transportation strategies.  The primary question my research 

examines is: What university policies influence SOV commuting rates?   

A multi-year analysis of transportation mode data compiled from the 

Massachusetts Department of Environmental Protection Rideshare Regulation Report 

explores transportation mode trends compared with relative pricing structure outcomes. 

 

Hypothesis 

The main statistical hypothesis with respect to these research questions include: 

• Hypothesis 1: University investments in sustainable transportation 

programing and infrastructure are correlated with statistically significant 

decreases in SOV rates among university faculty and staff commuters, 

with certain investments and policies providing greater impact than others 

• Hypothesis 2: Within geographic environments with accessible sustainable 

transportation options, pricing structures are the most critical TDM 

determinant of SOV modal shifts 

 

Specific Aims 

To test these hypotheses, and explore related issues, my specific aims are:  

1. To explore the temporal relationship between implementation of sustainable 

transportation variables and SOV mode outcomes through the analysis of SOV 

rates over time compared with the implementation timing of TDM measures 



27 
    

2. To assess correlations of SOV mode outcomes through comparative analysis of 

pricing structures 
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Chapter II 

Methods 

 
 This study examined the temporal relationship of variables in relation to SOV 

reduction outcomes for universities, exploring the effectiveness of institutional policies 

and investments through the scope of SOV rate changes over time.  The analysis utilized 

MassDEP Rideshare Regulation Survey reports coupled with online data sources from 

university websites to identify university commute modes, TDM strategies, and timing of 

policy implementation.  Changes in SOV mode and implementation of specific TDM 

pricing structures were explored to assess whether or not the variables correspond with 

one another. 

  

Metrics & Data Collection 

 To address the study research questions and to test the hypothesis, transportation 

mode data was collected from sources including the U.S. Census Bureau American 

Community Survey and the MassDEP Rideshare Regulation Survey report (Table 3).   
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Table 3.  Data sources for institutional and geographic SOV rates 

 
Data Source Survey Years 
American Community Survey 2005, 2009, 2014 
Boston College Massachusetts 
DEP Rideshare Regulation 
Survey 

2004, 2006, 2008, 2010, 2012, 2014, 2016 

Boston University 
Massachusetts DEP Rideshare 
Regulation Survey 

2004, 2006, 2008, 2010, 2012, 2014, 2016 

Harvard University 
Massachusetts DEP Rideshare 
Regulation Survey 

2004, 2006, 2008, 2010, 2012, 2014, 2016 

MIT DEP Massachusetts DEP 
Rideshare Regulation Survey 2004, 2006, 2008, 2010, 2012, 2014, 2016 

Northeastern University 
Massachusetts DEP Rideshare 
Regulation Survey 

2004, 2006, 2008, 2010, 2012, 2014, 2016 

UMass Boston Massachusetts 
DEP Rideshare Regulation 
Survey 

2004, 2006, 2008, 2010, 2012, 2014, 2016 

 

Data Collection 

Available census data provides baseline transportation mode trends for analyzing 

variable influences.  This information is comprised of data captured in the 2009 and 2014 

American Community Survey as part of the United States Census, identifying the means 

of transportation to work by selected characteristics for workplace geography.  Such data 

indicates transportation trends for all workers 16 years and older within defined 

geographic boundaries.  Census data measures four transportation variables; total trips, 

trips by single occupant vehicles, trips by multi occupant vehicles, and trips by public 

transportation.  The MassDEP Rideshare Regulation results capture a more refined set of 

transportation options including but not limited to walking, bicycling, and teleworking.  
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To effectively compare the different data sets, single occupant vehicle counts serve as the 

only determinant of sustainable transportation measurement, with lower single occupant 

vehicle rates demonstrating greater success in relation to TDM outcomes. 

The Massachusetts Department of Environmental Protection Bureau of Air and 

Waste, the Bureau that administers the Rideshare Regulation, provides searchable online 

databases for numerous data sets generated from mandatory employer reporting.  These 

data sets include detailed information on underground storage tanks, toxic chemical 

utilization, fueling station vapor recovery, and dental mercury recycling.  Unfortunately 

reporting generated from the Rideshare Regulation program is not as readily 

accessible.  Through several formalized public record requests, along with a fee to cover 

the cost of duplicating records, charges for staff time to search for records and to identify 

any records that are prohibited from disclosure under the Public Records Law, I was able 

to gain access to a data set of 558 scanned pages of rideshare regulation reports 

consisting of all reports submitted by the universities in this study between 2004 through 

2016. 

The Rideshare regulation data consists of two types of reports, long-form and 

short-form reports.  Long-form reports which are required every-other-year consist of 

transportation mode data of applicable commuters collected through employer surveys, 

along with narratives discussing TDM measures and strategies aimed at achieving 

reductions in SOV rates.  In years between long-form reports, short-form reports provide 

updates of TDM measures but do collect new transportation mode data.   
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Although bi-annual narratives are required for the long-form reports, I found that 

information on TDM measures and financial structures or incentives were often missing 

or incomplete.  It is unclear if this was caused by non-compliance by reporters, or if this 

instead reflects the difficulties in preserving and duplicating the large amount of data I 

requested from MassDEP.  To supplement incomplete information garnered through the 

rideshare reporting, I utilized the online history of university transportation websites 

accessible through the Internet Archive (Table 4), an online tool which archives the 

content history of web pages. 

 
Table 4.  Online Sources for Institutional Transportation Measures and Parking Rates 

 

University URL 
Web 
Archive 
Years 

Boston College www.bc.edu/offices/transportation 2004-2018 
Boston University www.bu.edu/parking/ 2000-2018 
Harvard University www.transportation.harvard.edu 2014-2018 
Harvard University www.uos.harvard.edu/transportation 1997-2014 
MIT www.web.mit.edu/facilities/transportation 2005-2018 
MIT www.mit.edu/parking 2001-2005 
Northeastern University www.northeastern.edu/commutingservices/ 2015-2018 
Northeastern University www.parking.neu.edu 2005-2015 
UMass Boston www.umb.edu/the_university/getting_here/parking 2011-2018 

 
 

To compile a data set for correlation analysis the following process was taken: 

Step 1:  Gather analysis inputs for each university from DEP including: 

• Total commuters at facility 
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• Commuters in sample 

• SOV commuters in sample 

 

 Step 2:  Calculate total SOV commuters for each university: 

• Divide 100 by the number of commuters in sample and multiply the sum by the 

number of SOV commuters in the sample to determine SOV percentage 

• Multiply SOV percentage by the number of commuters at facility and divide by 

100 to determine total number of SOV commuters 

 

 Step 3:  Gather analysis inputs from American Survey reporting including: 

• SOV mode rate for commuters in the Boston, Cambridge and Quincy Metro Area 

• Total commuters in the Boston, Cambridge, and Quincy Metro Area for 

applicable survey years 

 

 Step 4:  Calculate total SOV commuters in the Boston, Cambridge, and Quincy 

Metro Area 

• Multiply SOV percentage by the number of commuters in metro area and divide 

by 100 to determine total number of SOV commuters 
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 Step 5:  Gather analysis inputs for each university from parking and transportation 

website archives, including: 

• Average annual parking rates 

• MBTA rate of transit subsidy (if any) 

 
Step 6:  Gather analysis inputs from MBTA annual reporting, including: 

• Average MBTA fare increases over time  

• Monthly MBTA pass per corporate pass commuter as defined by Pollack 

(2016).  Multiplied by twelve for the purposes of annual analysis.   

 

With this data, a comprehensive spreadsheet was created identifying variables at the 

six institutions in this study from 2004 - 2016.  Initial impressions of the data reflect 

varying TDM pricing strategies by institutions with annual parking rate mechanisms 

varying significantly by institution (Figure 4).  UMass Boston did not employ any rate 

increase mechanisms, carrying the same rate for its parking facilities from 2007 onwards.  

Boston College increased parking rates most years in a relatively consistent manner, but 

at a cost far below its peers.  Northeastern University and Boston University saw several 

years of high rate increases, but also several with little to no increases, while Harvard and 

MIT both saw relatively stable rate increases over time. 
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An exploration of TDM pricing increases relative to structural changes in the U.S. 

economy and the Boston metropolitan transportation sector reveal additional patterns.  

Between 2004 and 2016, the per annum U.S. inflation rate was 2.1%.  All institutions 

except for UMass Boston had parking price increases that exceeded the rate of inflation.  

UMass Boston historically has not increased the price of parking, meaning that the price 

becomes cheaper for the consumer on an annual basis relative to the cost of the U.S. 

dollar.  For all but four of the study years, Boston College parking rates increased at an 

average rate lower than the cost of inflation, 1.8% for annual parking increases compared 
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with 2.1% for the national inflation rate.  For the other four years, rates increased on 

average 11.7%, far exceeding both the inflation rate and previously set pricing norms.   

Transit subsidies at study institutions vary significantly (Figure 5).  MIT has 

offered a 50% MBTA subsidy since 2000 and raised the subsidy to 100% in 2016.  In 

2000 Harvard offered a 10% subsidy on MBTA products, raising the subsidy to 40% in 

2001 and to 50% in 2006 where it remains to this day.  Boston University implemented a 

35% subsidy in 2016.  The other three study institutions offer pre-tax savings on MBTA 

products, with no subsidies. 

 

Analyzing parking pricing increases relative to MBTA increases establishes 

another interesting exploration (Table 5).  Over the twelve years of the study, the MBTA 

increased average rates five times, ranging from 10% - 36% per rate 
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increase.  Cumulatively these increases resulted in an 88% increase in the average cost of 

an MBTA monthly pass during the study period.  During this time, both Boston College 

and Boston University had significantly lower cumulative parking rate increases, and 

UMass Boston had no increases at all.  From a consumer perspective, this lack of parity 

in pricing increases makes parking an increasingly appealing option on a financial basis. 
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Table 5.  Annualized Rate Increases Compared to U.S. Inflation 

    

US 
Inflation 
Rate 

MBTA 
Average 
Annual 
Costs 

BC 
Average 
Annual 
Parking 
Costs 

BU 
Average 
Annual 
Parking 
Costs 

Harvard 
Average 
Annual 
Parking 
Costs 

MIT 
Average 
Annual 
Parking 
Costs 

Northeastern 
Average 
Annual 
Parking 
Costs 

UMass 
Boston 
Average 
Annual 
Parking 
Costs 

2004 Price   $602.42 $336.00 $936.00 $830.00 $558.00 $660.00 - 
Change 2.7% 20.0% 0.0% 3.4% 0.0% 9.0% 10.0% - 

2005 Price   $602.42 $348.00 $968.76 $925.00 $604.00 $700.00 - 
Change 3.4% 0.0% 3.6% 3.5% 11.0% 8.2% 6.0% - 

2006 Price   $602.42 $360.00 $1,037.40 $980.00 $638.00 $870.00 - 
Change 3.2% 0.0% 3.5% 7.0% 6.0% 5.6% 24.0% - 

2007 Price   $941.28 $372.00 $1,037.40 $1,060.00 $708.00 $870.00 - 
Change 2.8% 36.0% 3.3% 0.0% 8.0% 11.0% 0.0% - 

2008 Price   $941.28 $432.00 $1,068.00 $1,145.00 $786.00 $930.00 $648.00 
Change 3.8% 0.0% 16.1% 3.0% 8.0% 11.0% 7.0% 0.0% 

2009 Price   $941.28 $432.00 $1,068.00 $1,235.00 $872.00 $930.00 $684.00 
Change -0.4% 0.0% 0.0% 0.0% 8.0% 10.9% 0.0% 0.0% 

2010 Price   $941.28 $441.96 $1,120.08 $1,355.00 $872.00 $960.00 $648.00 
Change 1.6% 20.0% 0.0% 3.4% 0.0% 9.0% 10.0% 0.0% 

2011 Price   $941.28 $441.96 $1,120.08 $1,455.00 $872.00 $990.00 $648.00 
Change 3.2% 0.0% 0.0% 0.0% 9.0% 0.0% 3.0% 0.0% 

2012 Price   $1,054.23 $480.96 $1,120.08 $1,704.00 $1,192.00 $990.00 $648.00 
Change 2.1% 12.0% 8.8% 0.0% 9.0% 23.2% 0.0% 0.0% 

2013 Price   $1,054.23 $502.92 $1,271.40 $1,860.00 $1,455.00 $1,295.00 $648.00 
Change 1.5% 0.0% 0.0% 0.0% 8.0% 11.0% 0.0% 0.0% 

2014 Price   $1,159.66 $502.92 $1,271.40 $1,860.00 $1,455.00 $1,295.00 $648.00 
Change 1.6% 10.0% 0.0% 13.5% 9.0% 22.1% 31.0% 0.0% 

2015 Price   $1,159.66 $516.00 $1,510.50 $2,028.00 $1,600.00 $1,425.00 $648.00 
Change 0.1% 0.0% 2.0% 18.8% 9.0% 10.0% 4.0% 0.0% 

2016 Price   $1,275.62 $601.00 $1,554.80 $2,208.00 $1,760.00 $1,570.00 $648.00 
Change 1.3% 10.0% 16.5% 2.9% 9.0% 10.0% 11.0% 0.0% 
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Chapter III 

Results 

 
Arithmetic Mean 

Relationships among the assembled university transportation mode data and 

demographic trends were analyzed using the arithmetic mean.  The arithmetic mean 

measures the average value of a set of data using the equation where n is 

the number of terms, and x1 is the value of each individual item in the list of numbers 

being averaged.   

 

Institutional SOV Change Relative to Demographic Trends 

Between 2004 – 2016, the Boston metropolitan region experienced shifts in 

commute modes, with decreases in SOV commutes on average 0.48% annually.  

Utilizing the arithmetic mean, the mean of annual SOV rates for study institutions was 

calculated (Table 6), allowing for the comparison of institutional commute modes with 

larger demographic trends. 

All institutions in the study, with the exception of Boston College, saw decreases 

in SOV rates during the study period.  Among those institutions, MIT was the only 

university to have an SOV rate decrease lower than demographic trends, with an average 

annual SOV rate percentage change of -0.47.  Harvard had an average SOV percentage 

rate slightly greater than the demographic average at -0.55, while the rest of the study 

schools saw average SOV rate percentage changes ranging from 0.78 to -1.43.  
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Table 6.  Mean of Annual SOV Change of Study Institutions Compared to Metro Area 
(Percentage) 
 
 Mean of Annual 

SOV Change 
Metro Area -0.48 
BC 1.73 
BU -1.43 
Harvard -0.55 
MIT -0.47 
Northeastern -0.78 
UMass Boston -1.02 

  

Pearson Product-moment Correlation Coefficient 

Relationships among the assembled university transportation mode data and the 

pricing structure predictor values were analyzed using the Pearson product-moment 

correlation coefficient examining the relative impact on SOV rates of three possible 

pricing structure variables: 

 
• Annual MBTA costs (reflecting subsidy if applicable) 

• Annual parking costs 

• The difference in annual MBTA costs (reflecting subsidy if possible) and annual 

parking costs 

 

The Pearson product-moment correlation coefficient measures the linear association 

between two sets of values using the equation where x and 

y are the two sets of values and x̄ and ȳ are the sample means of the two arrays of 

values.  The correlation coefficient provides a determination of the strength of study 
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variables in relation to each other.  A correlation coefficient of +1 indicates a perfect 

positive correlation, indicating that as variable x increases, so does variable y, and as 

variable x decreases, so does variable y.  Concurrently, a correlation coefficient of -1 

indicates a perfect negative correlation, indicating that as variable x increases, variable y 

decreases, and as variable x decreases, variable y increases. 

 

Correlation Between MBTA Costs and SOV Rates 

Increasing MBTA costs between 2004 - 2016 revealed generally weak to 

statistically insignificant correlation coefficients in regards to SOV rates (Table 7).  This 

means that as MBTA costs rose 88% over the twelve-year period, the number of SOV 

commuters decreased at some institutions while increasing at others.  Employees across 

metro-Boston level experienced a correlation between these two factors of 0.66, meaning 

that MBTA fare increases resulted in increases in the amount of SOV commuters.  Both 

Boston University with a correlation coefficient of 0.37 and UMass Boston with a 

correlation coefficient of 0.65 generally mirrored demographic trends.  The inverse 

correlation where SOV commuters decreased as MBTA rates increased was most 

pronounced at Harvard at -0.75 and at MIT where the inverse correlation was -0.19.  

These are the two institutions in this study with a transit subsidy, and therefore the 

schools whose transit ridership had the least financial impact from MBTA fare increases.  

Boston College and Northeastern University both saw statistically insignificant 

correlations. 
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Table 7.  Correlation Between MBTA Costs and SOV Rates: 2004-2016 
 
 Correlation Coefficient 
Boston College -0.04 
Boston University 0.37 
Harvard -0.75 
MIT -0.19 
Northeastern -0.01 
UMass Boston 0.65 
Average Correlation 0.01 
Metro Boston 0.66 

 

Correlation Between Annual Parking Costs and SOV Rates 

Escalating parking costs since 2004 revealed generally weak to statistically 

insignificant correlation coefficients (Table 8).  This means that as parking costs 

increased an average of 71.2% between 2004 – 2016, the number of SOV commuters 

decreased at some institutions while increasing at others.  The inverse correlation, where 

SOV rates decreased with increasing parking costs were evident at Harvard and MIT, the 

two schools in this study with the highest parking costs, which saw inverse correlation 

coefficients of -0.68 and -0.51 respectfully.  This corresponds with a twelve-year parking 

rate increase of 102% for Harvard and 132% for MIT.   

Correlations between the two factors, where SOV rates increased along with 

increasing parking rates were evident at Boston University which experienced a twelve-

year parking cost increase of 69% and saw a correlation coefficient of 0.71, and 

Northeastern which experienced a twelve-year parking rate increase of 99% and saw a 

correlation coefficient of 0.34.  Boston College saw statistically insignificant correlations, 

and UMass Boston saw no correlation as rates have not increased on campus parking 

facilities. 
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Table 8.  Correlation Between Annual Parking Costs and SOV Rates: 2004-2016 

 Correlation Coefficient 
Boston College 0.03 
Boston University 0.71 
Harvard -0.68 
MIT -0.51 
Northeastern 0.34 
UMass Boston 0 (no parking increases) 
Average Correlation -0.02 

 

Correlation Between the Difference of MBTA and Parking Costs, and SOV Rates 

Contrasting MBTA rates with institutional parking rates revealed generally weak 

to statistically insignificant correlation coefficients (Table 9), with institutions 

demonstrating significantly varied outcomes in regards to the correlation of the two 

factors.  The inverse correlation was evident at Harvard and MIT, the institutions in this 

study with the highest parking costs and the highest transit subsidies.  Harvard saw an 

inverse correlation coefficient of -0.66, while MIT saw an inverse correlation coefficient 

of -0.16.  UMass Boston and Northeastern saw strong correlations of 0.77 and 0.75 

respectively, despite employing significantly different parking cost mechanisms from 

each other.  Boston University revealed a correlation coefficient of 0.27 and Boston 

College revealed statistically insignificant correlations.   
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Table 9.  Correlation Between the Difference in MBTA and Parking Costs and SOV 
Rates: 2004-2016 

 Correlation Coefficient 
Boston College 0.07 
Boston University 0.27 
Harvard -0.66 
MIT -0.16 
Northeastern 0.75 
UMass Boston 0.77 
Average Correlation 0.29 

 
Population and Sampling Discrepancies 

 Comparing the size of reported commuting populations and sampling sizes in the 

DEP reports revealed significant variation in much of the institutional data results from 

year to year.  Boston University, MIT, and Northeastern all reported substantial 

fluctuations in the numbers of commuters (Figure 6).  Sampling sizes as documented in 

the DEP reports also shifted dramatically by institution (Figure 7).  The 2006 and 2008 

Boston College DEP report reported doubling and then quadrupling of sample sizes.  

MIT reported sampling approximately ten times more than the required DEP survey 

sample size, and also reported shifts in sampling sizes of over 2000 participants between 

some survey years. 
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Figure 6.  Number of Commuters Reported in DEP Surveys 

 

 
 

Figure 7.  Sample Size Reported in DEP Surveys 
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Data Variation 

When comparing transportation mode data to its previous data point, much of the 

institutional data revealed significant variation in the results from survey year to survey 

year.  A graphical representation (Figure 7) visually demonstrates this variation.  Some 

institutions such as Boston College and Boston University see significant fluctuations 

between survey years, while others such as Harvard and Northeastern see more gradual 

changes over time.  Exploring the averages of SOV commuters compared to all commute 

modes normalizes the data for comparison purposes in regards to changing population 

sizes (Figure 8), but still reveals significant annual variations at Boston College, Boston 

University, and UMass Boston. 

 

Figure 8.  Institutional SOV Commuters 
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Figure 9.  Percentage of Institutional SOV Commuters 
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sizes between the two populations, however variances in the range that Boston College 

and Boston University reveal demonstrate either implausible transportation swings 

incongruent with demographic trends and not corresponding to any drastic shifts in 

transportation subsidies or reliability, or more likely inaccurate survey outcomes as the 

result of poor surveying techniques and or analysis. 

 

Table 10.  Average and Variance of Bi-annual SOV Change 

Institution Average Variance 
Metro Area -0.97 0.56 
BC 1.45 163.20 
BU -2.33 228.57 
Harvard -0.92 4.12 
MIT -0.78 16.38 
Northeastern -1.30 10.88 
UMass Boston -1.27 67.09 
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Chapter IV 

Discussion 

 

The results of the arithmetic mean and Pearson product-moment correlation 

coefficient analysis allowed a review of my hypotheses, some of which were confirmed 

and others not confirmed by the data.  An analysis of the variance of bi-annual SOV 

change at study universities however indicated a wide range of data quality, causing the 

outcome of the findings to be inconclusive.  Finally, I discuss data limitations and 

recommendations in regards to transportation mode data sources. 

 

SOV Rate Reduction Due to University Investments Hypothesis 

 Hypothesis 1 was that university investments in sustainable transportation 

programing and infrastructure are correlated with statistically significant decreases in 

SOV rates among university faculty and staff commuters, with certain investments and 

policies providing greater impact than others.  The arithmetic mean analysis suggests an 

inconclusive hypothesis.   

Harvard and MIT, the institutions with the heaviest investments in TDM, saw the 

lowest average decreases in SOV rates.  With the exception of Boston College which saw 

an increase in SOV rates, the schools that exceeded demographic trends in regards to 

SOV rate decreases have little to no TDM investments.  There are two ways of 

interpreting these results assuming that the data is accurate; either TDM investments do 

not have an impact on SOV rates, or more likely, there is a more complex balance where 
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the efficacy of TDM investments relative to commute mode shift becomes less impactful 

over time.   

Recently established TDM programs focus on the proverbial low-hanging fruit, 

i.e. those individuals with whom a commute shift is most likely.  A commuter who lives 

half a mile from work is more likely to turn in their parking permit for a bicycle commute 

compared to the commuter who lives fifty miles away.  I would theorize that the years of 

sustained TDM investments by MIT and Harvard have exhausted much of the supply of 

low-hanging fruit, where greater investments are now needed to influence SOV shift for 

the remaining drive-alone commuters.  Boston University on the other hand has just 

recently started investing in TDM principles.  It seems likely that the university is still 

within the low-hanging fruit stage, where significant SOV rate reductions are achievable 

through modest TDM investments.  Perhaps a larger data set would reveal more 

substantial patterns, likely though a more comprehensive analysis is needed to add clarity 

to the question of investment impacts based on duration and scale of TDM programming.  

 

Pricing Structures as a Critical TDM Element Hypothesis 

Hypothesis 2 was that within geographic environments with accessible 

sustainable transportation options, pricing structures are the most critical TDM 

determinant of SOV modal shifts.  Pearson product-moment correlation analysis 

regarding the three pricing variables under consideration suggests an inconclusive result 

due to a lack of consistency in the correlation results.  The correlations that were 
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relatively strong varied significantly from one another, and much of the correlation 

analysis reflected generally weak to statistically insignificant results. 

Comparing the difference in annual MBTA costs, reflecting institutional subsidies 

if possible, and SOV rates, revealed an average correlation of only -0.01.  Across the 

MBTA system ridership has been increasing over the past decade (Pollack, 2016), yet the 

0.66 correlation coefficient across the metro area reflects that fare increases have 

corresponded to increased SOV rates.  Increases in transit fares generally lead to a 

reduction in transit utilization (Taylor et al., 2009), and based on the relatively low 

correlation coefficient, MBTA commuters are perhaps less sensitive to such pricing 

influences compared to transit riders in other metropolitan regions.  The data revealed an 

inverse correlation coefficient among institutions with a greater transit subsidy, with both 

Harvard and MIT reflecting an inverse correlation coefficient of -0.75 and -0.19 

respectfully.  With the data available as part of the DEP Rideshare Regulation, it is not 

clear if this inverse correlation trend was due to increases in transit utilization or shifts 

towards other sustainable modes.  These outcomes suggests that the financial impact of 

fare increases to commuters was less significant compared to employees at other 

institutions with no subsidies.  UMass Boston which has no transit subsidy, and BU 

which only implemented a subsidy in 2016, reveal correlations more reflective of 

demographic trends, with 0.65 and 0.37 correlation coefficients respectively.  The other 

institutions in this study demonstrate inconclusive correlation coefficients. The varying 

correlation results coupled with the inconclusiveness of other institutions in the study do 
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not achieve any level of conclusiveness on the influences of MBTA fare increases in 

regards to SOV travel.  

The impact of institutional parking costs to SOV reductions revealed an average 

correlation of only -0.02.  Harvard and MIT data revealed negative correlation 

coefficients of -0.67 and -0.5 respectively while Boston University and Northeastern 

University reflected correlation coefficients of 0.70 and 0.34 respectively.  Boston 

College saw rates that were statistically insignificant, and UMass Boston because it does 

not employ  annual parking rate increases was not part of this analysis.  The varying 

correlation results coupled with the inconclusiveness of other institutions in the study do 

not achieve any level of conclusiveness on the influences of institutional parking cost 

increases in regards to SOV travel. 

Among the three pricing factors explored in this analysis, the difference in the 

cost of institutional parking rates compared to MBTA costs, including subsidies if 

applicable, demonstrated the most significant average correlation coefficient in regards to  

SOV influences: 0.228.  The Harvard and MIT results, with inverse correlation 

coefficients of -0.66 and -0.16 respectfully, give some credence to the TDM strategy of a 

blend of high parking rates and subsidized transit achieving SOV reductions.  UMass 

Boston and Northeastern University however reflect opposite results, with correlation 

coefficients of 0.77 and 0.75 respectively, indicating SOV rate increases corresponding to 

increasing parity between transit and parking costs.  The varying correlation results 

coupled with the inconclusiveness of other institutions in the study do not achieve any 

level of conclusiveness on the influences of pricing structure variables.  
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Interpretation of Data Variance 

The variance levels of the mode data from the DEP Rideshare Report puts much 

of the reliability of the data into question.  Despite the insistence that “the collection of 

accurate and comprehensive data on the commute trips of applicable commuters is 

essential for the success of a facility’s commuting options program” (Massachusetts 

Rideshare Program, p. 1) it appears that much of the data collected as part of the 

Massachusetts DEP Rideshare regulation is poor quality.  Although the literature does not 

define a range of appropriate bi-annual mode shift, variation of this magnitude “should be 

looked at suspiciously without dramatic changes [in TDM programs]” (Phil Winters, 

personal communication, January 23, 2018).  

 

Data Challenges 

The Rideshare Regulation report has not changed significantly since 1995 (A 

Better City TMA, 2014), and reform efforts by TMAs and advocacy groups to improve 

the efficacy and public value of the regulation have so far been unsuccessful.  A 2010 

survey of regulation participants revealed that “a majority of employers consider the 

current rideshare surveying and reporting process as having no impact on their 

organization’s efforts to reduce drive alone commuter trips” (A Better City TMA, p. 

5).  Not only are there challenges from an employer perspective, several challenges arose 

for me as a researcher working with the Rideshare Regulation data.  The following 

section details these challenges:  
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The Rideshare Regulation allows for several methods of modal data collection 

(Massachusetts Rideshare Program, 2014).  Employers can choose to collect data using 

the following methods: 

• Census survey method counting all applicable commuters 

• Simple random sample survey allowing for the random selection of 

applicable commuters 

• Stratified random sample survey allowing for the random selection of 

applicable commuters within selected subgroups representing the 

commuting population  

• Direct count method allowing for the counting of all commuters in each 

vehicle, and distinguishing between carpool, vanpool, and SOV travel 

while using facility transportation records through a survey to count transit 

users, bicyclists, and walkers 

These various modal collection options are designed for inclusivity of a wide 

range of companies to allow for employer flexibility based on the size and data collection 

capabilities of companies across Massachusetts.  From a research perspective however, 

the variety of data collection options create varying levels of data quality among the 

report subjects, creating challenges in the analysis and comparison of various different 

data points. 

Another limitation with the data is the allowance by the DEP for data to be 

collected at any point in the year, as long as the week of data collection represents a 

typical commuting week, for example, a non-holiday week (Massachusetts Rideshare 
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Program, 2014).  This variability allows greater flexibility from an employer perspective, 

but commuting habits can change drastically between warmer and colder months, so 

comparisons of different data sets may not always be suitable.   

Although the DEP does distinguish between employers and academic institutions 

in their regulations, they rely on the institution to survey subgroups representing the 

entire commuting population without requiring the reporting of mode data for these 

individual subgroups.  This means that the DEP report does not distinguish between 

employees and students, despite most TDM measures and investments being oriented 

towards employer populations.  Some of the report narratives provide details on the 

survey population, but this information is sporadic, and not consistent across the 

institutions researched for this thesis.  For example, the 2015 report for Northeastern 

University is comprised of 76.6% off-campus undergraduate and graduate students and 

23.4% staff (May, 2015) contrasted with the 2015 report for Harvard which is comprised 

of 42.6% off-campus graduate students and 57.4% staff (Rabinsky, 2015).  Because these 

population dynamics vary significantly by institution, and because population subgroups 

are not explicitly required in the reporting documents, institutional comparisons are not 

ideal.  

The most challenging component of the available data was the widespread 

inconsistency in the caliber of the data.  The DEP has “focused on reviewing submitted 

reports for compliance per the current regulation” (A Better City TMA, 2014) and has not 

explored the larger themes or trends that the data may contain.  Despite the program 

being a statewide regulation administered by a significant state agency, there is 
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seemingly no penalty for non-compliant survey taking.  DEP analysis is focused on 

whether or not a report has been submitted, not whether the data in the report makes 

sense in respect to expected trends or is consistent with previous submissions or whether 

or not the report and data fulfill the mission of the Massachusetts Rideshare Program, 

which is to reduce the number of commuters that drive alone to work or school.   

The result of this lack of oversight is a range of data quality from participating 

institutions.  It appears that the institutions researched for this thesis invest the most in 

TDM, namely Harvard and MIT, provide reports with the least variable and most 

consistent data, while universities with little to no TDM investments such as Boston 

College and UMass Boston reveal the widest variation and least consistent data.  Survey 

consultants have been hired in recent years by Boston University and UMass Boston to 

create, distribute, and analyze the DEP Rideshare Regulation surveys, resulting in 

seemingly higher quality data with less bi-annual variation, unfortunately the existing 

structures of the regulation, and lack of analysis or enforcement by the MassDEP, do not 

inspire confidence that appropriate surveying and data analysis will be improved by the 

institutions less engaged in TDM efforts and therefore less invested in high quality 

transportation mode results. 

 

Research Limitations and Caveats 

 

 The results and conclusions presented here are subject to a number of caveats and 

limitations: 
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• Correlation coefficients on the three pricing structures were relatively low 

meaning that the prediction interval of expected results is fairly wide.  The small sample 

size of study institutions, and likely inconstant data, contributed to the low correlation 

coefficients in the study.  Presumably more samples and greater oversight and 

consistency of institutional transportation survey collection would reduce estimation 

errors and add clarity to the impacts of pricing structures on SOV impacts. 

• Attempts were made to capture accurate correlation data but the 

conclusions can only be as accurate as the data.  If self-reported mode data from the study 

institutions was incomplete or inaccurate, results of the analysis would be impacted. 

• Because of data limitations there was no capacity to isolate institutional 

faculty and staff mode data from students.  As TDM efforts and investments are primarily 

focused on faculty and staff populations, including student results in this analysis limits 

the value of determined outcomes.  

• A temporal limitation of the survey process is that transportation choices 

may change more than once in a given year.  University mode data for the six universities 

in this study was collected over a one week period.  Such data does not account for any 

shifts in commute behavior during different weeks of the year, which could be influenced 

by a variety of factors including but not limited to climactic, economic, home location, or 

user preference changes.   

• The outcomes of this research are specific only to Boston area universities 

and depending on varying geographic layouts, cultural ethos, and transportation 

amenities, there may be reduced value of the findings for other institutions outside of this 
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area.  Although results are likely not applicable across all environments, the geographic 

specificity of this research should allow for an even platform to examine TDM modal 

impacts.   

 

Questions for Further Research 

 

My research set out to determine if TDM pricing structures had an impact on 

SOV rates.  Unfortunately the data was inconclusive.  There are several features that 

could be used to expand and improve on my findings. 

The pricing structure variables used to explore modal outcomes were used as a 

proxy for TDM investments.  The assumption invoked is that transit and parking costs are 

indicative of strong TDM investments, but substantial investments in transportation 

features, for example Harvard’s commitment of $58 million for the West Station 

Commuter Rail station (The Harvard Crimson, 2018), could have significant SOV 

reduction outcomes which would not be accounted for in the model created.  A larger 

exploration of transportation investments, not just pricing structures, could significantly 

expand our understanding of cost effective TDM modal outcomes.  

The outcome of my research has made it very clear that reforms are needed in the 

DEP Rideshare Regulation.  The existing data did not seem to capture accurate trends for 

all study institutions, and significant changes are must be implemented by MassDEP to 

improve the regulation.  Recommended improvements to the DEP Rideshare Regulation 

include: 
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• Survey collection periods should be consistent across all employers. 

Currently surveys can be taken at any time in the year, which makes institutional 

comparison challenging.  Ideally this should be in mid-spring or mid-fall when potential 

weather impacts are at a minimum, and while less employees are on vacation or other 

forms of leave. 

• Sample population determination should be consistent across all 

employers.  The most accurate survey tool would likely be a stratified random sample 

survey allowing for the random selection of applicable commuters within selected 

subgroups representing the commuting population.  

• Survey questions and formats should be standardized across all employers. 

Currently institutions are able to develop their own questions and formats, allowing for 

significant variation potential in survey responses.  This variation should be eliminated as 

to make comparison between employer results as consistent as possible. 

• Survey results should be split into population categories.  For example 

splitting results into university affiliation such as faculty, staff, or student.  Further 

splitting of the population by characteristics such as age or gender could provide valuable 

insight into sample accuracy, comparison with larger demographic trends, and could also 

help institutions target TDM efforts to meet the needs of potentially underserved or 

underrepresented populations. 

• A searchable publicly accessible online database for numerous data sets 

generated from employer reporting would be a tremendous improvement to the rideshare 

regulation.  An online tool like this would mirror existing MassDEP databases on 
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underground storage tanks, toxic chemical utilization, fueling station vapor recovery, and 

dental mercury recycling.  Such a tool would add transparency to the process, could lead 

to additional findings by researchers, and would hold employers more accountable to 

perform accurate surveys to generate high quality data results. 

• Most importantly, the DEP should demand high-quality results from 

participating employers.  This could be accomplished through a mix of penalties, and 

enforcement, neither of which currently exist.  For employers performing the survey and 

analysis there is substantial investment of staff time and money.  The survey results 

provide significant value to institutions focusing on TDM efforts, but for institutions not 

prioritizing such efforts, there is minimal incentive to invest the appropriate effort to 

collect data.  I’m not privy to the bureaucratic and regulatory structures limiting the 

efficacy of the existing regulation, nor am I an expert on survey practices or statewide 

TROs but, both as a TDM professional and researcher, it is clear that the existing system 

does not work as it should.  I hope that the results of the analysis make clear the need for 

reform in the Massachusetts Rideshare Regulation process.  
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