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ABSTRACT
This is a story of how the bicycle may just be able to save the world. If enough people
start riding them instead of using automobiles for daily transportation needs, massive gains could
be realized within the health, environmental, and economic sectors of society. However, these
gains are not being maximized, and there is a need for information regarding ways to increase
ridership populations. This project focuses on the benefits bicycling can bring to an individual
and the larger community, and attempts to understand the reasons why so many do not currently
take advantage of this sensible method of transportation. My analysis used a framework that
quantified the three learning domains in relation to bicycle commuting. These domains are made
of the head, hands, and heart, or cognitive, psychomotor, and affective areas. Though the
framework did focus on any particular domain, it helps in understanding how to foster the use of
the bicycle. This project is part research and part advocacy, and is described through the lens of
my own personal experience.
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Chapter 1
How My Bicycle Got Me Here
Like many American children of my generation and generations past, I grew up with a
bicycle always near by. It enabled us kids to get out and explore our communities, to visit friends,
and to bask in the comforts fresh air always provides. It wasn’t about saving the environment or
reducing health care costs, it was what we liked, and what we felt good doing. I vividly remember
the first time I was able to ride a bike without any training wheels. It was my first “bike tour,” and
I rode for miles alongside wild horses through sandy roads in Assateague Island. It was an
experience I will never forget, and I have never lost my love of biking since.
Many mornings, my mom would take me to preschool on her bicycle. She would sit me
up in the child seat hitched to the back of her bicycle, and off we went, granted only a few blocks
away, to St. Columba’s nursery school. This simple and practical mode of transportation is hardly
even an option anymore. As a generalized view of the situation, children rapidly outgrow their
love of bikes as the two-wheeled children’s toys make their way to the back of the pile in an
otherwise sterile 2 car suburban garage. By the time they are of driving age, the world a bicycle
can bring them is indeed a foreign one.
Parents now will drive their children to school half a mile away, cities are thought too
unsafe even to walk through, and bicyclists must fight tough political battles for use of the
roadway. Even still, 40% of all trips in the US are under 2 miles (BTS Travel Survey, 2012). The
reasons for the car-centric mentality we have been experiencing for the past several decades in
America are numerous, though directly understanding these causes is beyond the scope of this

2
project. This research is concerned with understanding how best we might start shifting towards a
different path, and what the implications of such a shift may be.
Like many other wide-eyed students driven by a youthful idealism, I came to college and
pursued studies in areas I thought would benefit the world. Over the course of this learning I have
been exposed to the many ills of the world and in short have received little in the way of concrete
answers, to anything. Climate change, natural resource depletion, fishery collapse, biodiversity
loss, drought, famine, poverty, human trafficking, war, and disease are just a few of the many
destructive issues that now face my generation. Some say this is the way it has always been, and
the way it always will be. I do not believe this to be the case; I believe we can indeed do better, it
is only our collective feeling of powerlessness that enables the current institutional establishment
to remain intact and to blindly push onward with each year. This paper serves as one small step to
shift the course from this blind giant called progress to a reasonable, informed path to sustainable
economic growth, a clean planet, and socially responsible cultures.
Growing up in the District of Columbia (DC), I never outgrew my bicycle. The bikes did
indeed grow up with me, and because of such proximity to my friends and schools, I never had to
rely solely on a car. It made sense to bike places, and didn’t think much more of it. In college, I
began to see the real benefits biking can bring to an individual and the larger community, some of
which I had unknowingly benefited from in years past.
Over the summer of 2011, I decided to take a trip I would never forget. With homemade
kitty-litter panniers (panniers are [expensive] saddle bags to carry belongings on bicycle) and no
knowledge of bicycle touring, I rode my bike 1500 miles from Yosemite National Park to
Vancouver, British Columbia. As I climbed mountain passes in the Sierras and drifted past clearcut forests in Oregon, I began to see the world in a new light. I saw myself as I had never
experienced before, and the lessons I learned from that trip will be with me for the rest of my life.
While this paper is not advocating bike touring, I would suggest riding locally to work or for fun
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is the first step in longer multi-day rides. It was that ride that pushed me to gain deeper, valuable,
and more reliable knowledge in relation to bicycling.
Over the following fall, I approached Dr. Jack Matson to seek guidance on potential
topics I could delve into regarding bicycles. I was recommended to see Dr. Matson, a professor
emeritus of environmental engineering at Penn State, because of his work related to moving
forward in society using sensible alternatives to the norm. I at first wanted to look into the
resource costs of bikes, and how they compared to cars and other modes of transportation. A
variant on this was understanding greenhouse gas emissions produced through bicycle
manufacturing, and determining how far one would need to bike in replacement of car miles to
offset the effects. Dr. Matson’s answer was that these things had already been done. He offered
an alternative and straightforward idea, which was “why are governments not investing more
money into bicycle transportation.” I immediately pointed to corrupt politicians pandering to big
oil and automobile interests, which was an absurd claim. I needed to better understand why
people make choices and behave the way they do.
In the spring of 2012, I found myself in New York City at the Association of American
Geographer’s annual conference. Attendees included geographers from around the world along
with a wide array of other academics, artists, public figures, and interested citizens. I learned
three important lessons from that weekend of lecture hopping, as I was lucky enough to hop into a
couple sessions based upon bicycle research in academia. Those three lessons were as follows.
In one presentation, an idea was presented that is often talked about in the bicycle
infrastructure community. If a woman will feel comfortable riding the designated path, street, or
thruway, it will work for everyone. A woman is said to be the “indicator species” for good bike
development (Baker, 2009). This assertion is not set in stone as there is still much contention over
the issue, but one thing became clear to me. These are social and/or individual issues, and merely
developing infrastructure will not solve the less tangible constraints.
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The second lesson I learned was that bicycle-friendly infrastructure does not necessarily
lead to more cyclists. There are underlying factors that contribute to total rider populations,
including social and environmental factors. For example, Portland, Oregon, is perceived to have a
substantial bike commuter population. In 2010, a mere 6% of people were regularly commuting
by bicycle (League of American Bicyclists Bike Commuters, 2010). There were nearly 350 miles
of bicycle infrastructure in 2010 (PBOT, 2012). Other places provide a contrast to these statistics
though. In Copenhagen, 50% of residents biked to their place of work or education every day.
There are some 258 miles of cycle infrastructure in Copenhagen (City of Copenhagen, 2012).
While the type of infrastructure varies, there are clearly differences between the societies as a
whole. These two lessons convinced me that my project should not pursue the simple question of
how to get governments to provide more resources for infrastructure projects. It is a culturally
strange practice to travel by bike in America, so why would infrastructure then be the sole factor
in increasing our bicycle population?
I was dealing with issues associated with behavior change. Behavior change is a very
complex topic, and one that I do not pretend to be an expert in. However, I needed a framework
to understand the dynamics of bicycle commuting. Thankfully, the third lesson I learned was
generated from ideas I was presented with dealing with the cognitive, psychomotor, and affective
areas of transformative behavior change. More simply, I needed to address the head, hands, and
heart connected with bicycle commuting and transportation.
This framework was strengthened once I began talking with Dr. Nieto, the professor who
helped guide this research as a thesis supervisor. He suggested I approach the issue using the
theory of constraints, in which the largest bottlenecks in a process are identified and alleviated
first. I could structure my research in such a way that addressed significant barriers within each of
the three domains that affect behavior. I also wanted to ensure that my work would be relatively
useful for creating real change in real communities, so I wanted to develop a tool to address these
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constraints. This came in the form of a survey, in which each domain is represented throughout
the survey in multiple questions. What is generated is a more complete understanding of each
individual’s barriers to commuting by bicycle, and an aggregate of what the community as a
whole should invest resources in, whether that be educational outreach for non-bikers, classes on
dressing appropriately for current cyclists, or simply infrastructural improvements in the
community. Our minds are filled with unconscious thoughts difficult to control or directly
change, and I did not attempt to alter those ideas. I designed a survey that directly targeted current
actions and perceptions of the participating individuals. Though I did not use any other specific
surveys as models for my own, I was sure to ask questions that would help paint a better picture
of a community’s population with respect to bicycles and bicycle commuting.
It is very clear to me that biking has improved my life. It has saved me money, kept me
healthy and happy, and has now provided me with an interesting mechanism to create real
positive change for a community. However, these are personal improvements, and it is important
that readers understand the benefits biking can bring to them as individuals, their communities,
and the entire world. The evidence to support the benefits to biking is widespread across
academic disciplines, now including economics, ecology, psychology, and health care, among
others. The following pages describe the advantages for realization of these benefits, and then
later on how one might attempt to actually realize them.
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Chapter 2
The Benefits of Biking
The next several pages suggest there are great benefits that bicycle riding, and in
particular bicycle commuting, can have for an individual, a local community, and beyond. The
wealth and depth of the research on the topic is both great and growing, but it is important to
outline these benefits. Keep in mind these benefits do not exist in isolation, and unrealized future
benefits cannot accurately be predicted with any degree of certainty. Personal gains will be
outlined first, largely in relation to personal health, well-being, and economic gains.

Section 2.1 - Personal Benefits

When addressing the personal health gains related to bike riding, people sometimes state
exposure to air pollution and increased traffic accidents as immediate deterrents. Research
suggests this is likely not the case. A study in the Netherlands found “increased physical activity
due to cycling resulted in about 9 times more gains in life-years than the losses in life years due to
increased inhaled air pollution doses and traffic accidents” (Hartog, 2010). A study evaluating the
benefits and risks of the Barcelona based bike share program Bicing found a benefit risk ratio of
77 to 1 (Andersen, 2000). In other words, after switching from a car to the bike share program,
0.03 and 0.13 deaths occurred from traffic fatalities and increased exposure to air pollution,
respectively, and 12.28 deaths were avoided over the course of a year from increased physical
activity. There were nearly 200,000 using that specific bike share program. Another study in 1998
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found the general cycling benefit to risk ratio to be closer to 20 to 1 (Cavill, 2011). While
methodology and differences in data collection and location will affect these ratios, the safety
benefits clearly outweigh the risks.
Physical activity has often been associated with better personal health, and the correlation
between increased physical activity and health in men and women of all age groups is quite
strong (Andersen, 2000). When one engages in athletic activity and uses a bicycle for
transportation instead of only having a moderate level of physical activity, personal health
increases even more (Andersen, 2000). A study comparing active transportation (walking and
bicycling) within Europe, the US, Canada, and Australia found countries with the lowest obesity
rates had the highest rates of active commuting (Bassett, 2008). This research does acknowledge
correlation does not equate to causation, but the strong relationship is noteworthy, and active
commuting could be an important factor.
The type of infrastructure cyclists use does have a significant effect, according to a 1997
study on bicycle commuting. A relative danger index, or RDI, was used to normalize data, with
scores ranging from 1.26 on streets without bicycle facilities to 0.50 on streets with bike routes or
lanes. Minor streets have a RDI of 1.04, while sidewalks established a value of 5.30 (Moritz,
1997). These data are significant in understanding risks associated with bicycle commuting. The
study also found 82% of cyclists believed their health to be improved after they began to
commute by bicycle (Moritz, 1997). Another study found active commuting to be negatively
correlated with BMI, obesity, triglyceride levels, blood pressure, and insulin levels in men
(Gordon-Larsen, 2009). This same study continues to outline the improvements cycling has with
respect to levels of well-being, self-confidence, and tolerance to stress while reducing tiredness
and difficulties with sleeping (Gordon-Larsen, 2009). Lastly, research being done by David
Brooks found that commuting may have the largest impact on daily happiness, and short
commutes by bike or walking can help alleviate the rush hour blues (Lehrer, 2010).
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Clearly, the literature is rich with evidence describing the benefits commuting by bicycle
instead of by car can bring to an individual. These data alone are reasons enough for some to
make the switch from commuting by car to commuting by bike. However, the surface has barely
been scratched, as personal wealth factors provide a compelling argument alongside the health
factors. The economic factors related directly to decreased health, partially due to inactivity, are
presented first.
A report published by RTI International cites obesity as the single largest contributor to
health care costs, increasing its effect on annual medical spending from 6.5% in 1998 to 9.1% in
2008 (Finkelstein, 2009). The study found that obese individuals pay on average $1,429 more
than normal weight individuals in 2006 (Finkelstein, 2009). Bicycle commuting is certainly not
the silver bullet for this problem, but it could serve as a solution among many. A study on the
projected costs of obesity states that “American society has become ‘obesogenic,’ characterized
by environments that promote increased food intake, nonhealthful foods, and physical inactivity”
(Thorpe, 2009).
Aside from personal health care costs, biking instead of driving for commuting purposes
is known to keep your bank account healthy. In a report published by the US Department of
Transportation, transportation accounts for 18% of average household expenditures in America,
more than all other portions except housing (BTS Pocket Guide, 2009). If one were to sell their
car and replaces it with a bicycle, average operating expenses decrease from $8,485 to $308 (BTS
Pocket Guide, 2009). In the report “Your Driving Costs” conducted by the American Automobile
Association (AAA) since the 1950s, real costs continue to rise, including costs for raw materials,
fuel, tires, maintenance, and insurance (AAA, 2012). In Table 2.11, the driving costs from AAA’s
study are shown (AAA, 2012).

9
Based on
Driving 15,000
miles per year
Cost per Mile
Cost per Year

Small Sedan

Medium
Sedan

Large Sedan

SUV 4WD

Minivan

44.9 cents
$6,735

58.5 cents
$8,780

75.5 cents
$11,324

75.7 cents
$11,360

63.4 cents
$9,504

Table 2.11 - Data gathered from AAA’s 2012 annual report on national driving costs.

Section 2.2 - Public Benefits

The research points to clear benefits when an individual makes the transition from
commuting by car to commuting by bike. For many, those reasons have been motivation enough
to make the switch. However, the large-scale effects bicycle commuting can have on an
international level, down to the local community, are worth describing. These benefits contribute
solutions to many issues plaguing our world today like climate change (EPA, 2012), resource
depletion (Barbour, 2012), pollution (Grabow, 2012)(Frank, 2006) , economic instability and
uncertainty (Maass, 2010)(Litman, 2011)(Higgins, 2005), disease and sickness (Barbour,
2012)(Rojas-Rueda, 2011), and community degradation. Promoting and investing in bike
commuting would significantly help to alleviate many of these issues. However, there is
reluctance either within the involved institutions or among individuals influencing those
institutions to develop more bicycle infrastructure at a more rapid pace.
Starting from the ground up, bicycle commuting can aid in improving one’s hometown,
whether that be a small rural community or a large city of millions. Drawing from research
concerning costs related to car ownership, values can be extrapolated to understand the effect for
an entire community. The average car keeps roughly $1,390 within the local economy, by way of
maintenance, tires, registration, license, repairs, and taxes (AAA, 2012). The rest of the $8,485
leaves the local economy by way of gas, insurance, finance charges and purchase price over time
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(AAA, 2012). If 5,000 people traded their cars for bikes, that would keep a little over $45 million
in the local economy annually. Another study found communities designed around automobiledependence instead of those with better bike and pedestrian facilities is correlated with the
average household spending 50% more on transportation, or an extra $3000 annually (Litman,
2011). It is difficult to trace these savings from where they would have gone to where they will
potentially go, but many states, cities, and towns have already realized the gains bicycle
development can bring.
In 1998, local bike advocates convinced officials in San Francisco to convert two lanes
on Valencia Street into bike lanes for a trial period of 1 year. The trial was successful, citing
decreased traffic and accidents, and 2/3 of merchants reporting business gains (Bikes Belong,
2012). In Fort Worth, restaurants along Magnolia Street saw a 200% increase in sales once bike
lanes and racks went in (Economides, 2012). A study of Bloor Street in Toronto established firm
evidence that increasing bike capacity would bring positive business to the 500+ merchants along
the corridor (Sztabinski, 2009). Many businesses are starting to see the gains bicycling can bring
to their bottom line, both through increased customer activity and from within the business. QBP,
a bicycle company of 400 people in Minnesota, encouraged employees through a health and
wellness program to bike commute. Through this initiative, the company realized savings in
employee productivity of just over $300,000 and three-year savings in health care of $170,000
(Quality Bike Products, 2012). While businesses can improve internally through encouraging
biking, the communities they inhabit are also improved.
A study found that Portland, Washington supported a $90 million bicycle industry in
2008, while not taking into account any benefits related to health costs or other positive
externalities mentioned on the previous pages (Birk, 2008). While Portland’s booming bicycle
industry is fueled by some 4000 annual rides, races, events, and tours, commuting has become a
cornerstone of Portland’s image (Birk, 2008). A report aimed at understanding the benefits of
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bicycling in Iowa finds that the bike-commuter population alone generated an economic impact
of nearly $52 million between direct and indirect impacts (Lankford, 2012). The estimated health
care savings for Iowa totaled over $12 million (Lankford, 2012). In Wisconsin, researchers
studied the value bicycling brings to the state, both from commuters and others biking for
recreation. The total health and economic benefits biking brings to Wisconsin is valued at nearly
$2 billion, with $319 million of that coming from reductions in health costs related to bike
commuting in only Madison and Milwaukee. Improvements in air quality were valued at nearly
$90 million (Grabow, 2010). Cost-benefit research was conducted in Portland pertaining to
bicycle investments, and the results were in favor of more investment by a payoff factor between
3.2 and 1.2 to 1 (Gotschi, 2011).
At the national and international level, the benefits bicycle commuting can bring are
magnified. Within the realm of health care costs, one study found obesity cost the U.S. $147
billion in 2008 (Finkelstein, 2009). Another study found that if current trends continue through
2018, obesity will cost Americans $344 billion annually (Thorpe, 2009). A correlation between
obesity rates and car use is becoming very clear, and both the built environment related to
transportation choices and societal norms are cementing those trends (Jacobson, 2011).
Encouraging active commuting instead of driving would likely lead to a decrease in obesity rates,
and therefore lead to national health care savings. The exact amount of savings is beyond the
scope of this research, but one article, citing $0.42 of societal gain for every bike mile traveled,
concluded that biking could save the US $17 billion annually (Fleischfresser, 2012). Another
study found payoffs for the Midwest US to total $8 billion, suggesting billions is the correct order
of magnitude (Betts, 2012).
The impacts are substantial in terms of environmental benefits as well. Motor vehicles are
the greatest contributors to climate change according to a study by NASA (Unger, 2010). Bicycle
commuting can alleviate a significant proportion of transportation’s energy impact, which
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represents 71% of oil consumption in the US (BTS Annual Report, 2010). A study done in 2005
sought to understand the implications if every person in the US between 10 and 64 adopted
adequate levels of daily exercise and switched to cycling from driving a car. The researchers
found reduction in domestic oil consumption of 34.9% (Higgins, 2005). Bikes are less resource
intensive as well, requiring 5% of the materials and energy that go into manufacturing a car
(Barbour, 2012). Although somewhat controversial, there is evidence showing military
occupation of foreign countries for oil supplies is costing Americans trillions of dollars (Maass,
2010). Finally, research studying the effects of walkability in a community concluded that a 5%
increase in walkability was “associated with a per capita 32.1% increase in time spent in
physically active travel, a 0.23-point reduction in body mass index, 6.5% fewer vehicle miles
traveled, 5.6% fewer grams of oxides of nitrogen (NOx) emitted, and 5.5% fewer grams of
volatile organic compounds (VOC) emitted” (Frank, 2006).
Using a bicycle for transportation, especially when replacing the use or ownership of a
car, has many impacts at multiple scales. Bicycle commuting is cheaper and safer for the
individual than commuting by car if done responsibly by the individual. It also improves an
individual’s health and keeps many people more productive and happy at home and at work.
Communities retain money locally, through savings on cheaper infrastructure and increases in the
disposable income of its residents. Health care costs dwindle when a greater portion of the
population actively commutes, and environmental degradation is alleviated through decreased
land use for parking, decreased pollution, and decreased material use, among many other
attributes. This is not an exhaustive review of the literature concerning the benefits biking can
bring, but it should serve as significant evidence to influence actions of individuals, community
leaders, and policy makers.
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Chapter 3
Methodology for Progress
3.1 – The Central Question

Bicycle commuting can clearly bring many benefits to an individual, to a local
community or downtown business district, and to the world. However, these benefits are not
being realized, and a widespread transition has been nearly nonexistent in the United States. The
central question to this thesis is “How do we get more people to bike commute?” “We” takes on a
different meaning though, depending on the perspective taken. A focus on the individual’s path
for advocacy will differ from the encouragement from a local government, which will be different
from a bicycle shop, and from the bicycle industry as a whole, and from the federal government,
and from other various institutions within those. It must be understood that the choice to commute
and travel by bike is an individual’s choice, but there are also deeply engrained societal factors
and forces that lead us to make the decisions we make (Richards, 2010). In this case, these
decisions include, among many others, where we live and choose to work, and how we decide we
will move ourselves around. From personal experience, there are reasons within my control, and
outside of my control, that led me to continue bicycling through high school and into college.
There are reasons, some attributed to conscious personal decisions, and others outside of my
control, that led me to write this thesis. With that being said, encouraging a transition to higher
rates of bike commuters takes action at every level, not just from individuals talking to each
other, and not just from institutional encouragement of alternative transportation mechanisms.
The central question remains though.
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3.2 – The Theory of Constraints

The Theory of Constraints (TOC) is a method that has been developed to address
improvement of complex and interconnected systems. While it is principally used in the world of
business, its application to systems thinking and problem solving are apparent (Avraham, 2012).
The methodology associated with the TOC acts much in the way a doctor treats a patient. The
doctor will seek out the symptoms so she can use a network of causes and effects to identify a
root cause, or disease. This core disease is said to be the cause of the undesirable effects, or UDEs
(Avraham, 2012). In another sense, the TOC attempts to recognize the single most important
barrier to better performance or outcomes, and to focus resources on correcting that problem first.
The TOC has the potential to help in identifying key bottlenecks keeping people from
bicycle commuting more than they currently do. If possible, recognizing one key barrier keeping
commuters from ditching their cars and switching to bicycling would be a great help in
addressing the central question. The Goldratt Institute’s publication concerning the TOC states
that “the core constraint of virtually every organization AGI – Goldratt Institute has worked with
over the past 20+ years is that organizations are structured, measured, and managed in parts,
rather than as a whole (Avraham, 2012).” It is very clear that society as a whole does not function
as one system, but as many disparate institutions, acting at various scales with differing
motivations, values, and performance goals. As much as the organization and structure of society
as a whole may be the problem keeping people from biking, this is not reasonable to address.
Also, individuals are at differing stages of transformation, some never being committed bike
commuters, and others ascribing to the practice for over 20 years. Nonetheless, it is practical to
search for constraints that can be alleviated within those societal institutions to encourage bicycle
commuting regardless of ability.
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3.3 – The Survey

A survey was developed and distributed to better understand the specific constraints
individuals cite as the barriers keeping them from biking. This survey can be found in totality in
Appendix A. The survey was constructed in a way where questions would address in which
domain their greatest constraint was. While the questions attempted to address one of the three
learning domains, some do have substantial overlap. Also, the survey was not designed with
equal inputs given to each domain. Future surveys should correct for this variation. A general
overview of the data collected, including sample size and its representative nature in relation to
the general population, will be discussed in Chapter 4.

3.4 – Head, Hands, and Heart

To understand potential constraints identified using the TOC, another model is suggested
so that classification and simplicity may be achieved. This model is based on research regarding
transformative sustainability learning (TSL) in higher education. While its direct application
pertains to discussing profound and necessary changes in sustainability literacy and education, it
is based on behavior change that is crucial in understanding choices we make as individuals. This
approach centers on the three learning domains of head, hands, and heart (Sipos, 2008). This
framework encompasses the understanding that each domain, otherwise known as the cognitive,
psychomotor, and affective realms, are rooted in both personal learning and experiential
understanding through the environments we inhabit (Sipos, 2008). Several key words may help to
better understand these three areas, using classifications described by Benjamin Bloom and others
(Crafton, 2012). In the case of bike commuting, the cognitive domain contains knowledge
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outcomes such as “evaluating” and “justifying” the act or effect of bike commuting. The
psychomotor domain may contain the skill or ability to “demonstrate” to others how to ride
safely. The affective domain is internal and value based, and can be recognized when individuals
find they “represent” the bike commuter population, and will “display” that positive attitude
along their daily ride. Categorizing an individual’s propensity to bike commute may be more
clearly understood using this framework.
The specific methods used to generate values specific to each learning domain were as
follows. Most questions from the survey were assigned a learning domain, or multiple learning
domains, that they fell under. See Appendix A for specific designations for each item on the
survey. For questions regarding perceptions of bike commuting in general, mainly questions 1
through 13, a domain was assigned that was most associated with that idea. For example, higher
concentrations of responses to higher comfort levels on a bicycle added to the psychomotor
domain, while higher concentrations for more enjoyment on bicycles added to the affective
domain. See Appendix B for specific weights and designations. In questions regarding barriers to
bicycle commuting, responses concentrated towards insignificant barriers resulted in higher
values in one or more of the domains. The domains assigned to the barrier items represented the
learning domain most suitable to alleviating that barrier. Some barriers were assigned multiple
domains. Some questions and barriers did not lend themselves easily to the TSL framework, and
were omitted. All designations were arbitrarily assigned, though there was thoughtful reasoning
behind each category.
More generally, a radar graph was generated to visualize the state of the three learning
domains in a given population. A population that mainly commuted by bike year round, was able
to ride comfortably in all conditions, enjoyed bicycling, and by and large represented a bicycle
utopia would have a value of 1 in all three domains. A bicycle dystopia, on the other hand, would
have values of 0 in all three domains.
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This organizing principle therefore lends itself well to be used in coordination with the
TOC. Identifying an area, either head, hands, or heart, as the most important barrier to bike
commuting would be useful in targeting and alleviating barriers to entry into the world of bike
commuting. However, the perspective to approach this idea from is still hazy, as an individual’s
own set of barriers may be different than the larger population as a whole. The issue of creating
change will be discussed in further detail in Chapter 5.

3.5 – Geographic Variability and Other Approaches

In addition to the methods outlined above, the data collected from the survey was also
evaluated with respect to two other approaches. One was that of differences in geography. There
was a statistically significant data set for two areas, namely the State College area in central
Pennsylvania, and the Washington DC metro area, encompassing surrounding areas such as
Arlington and Alexandria, Virginia. Comparing the responses from these two population centers
may shine light on the decision to focus on local solutions. These factors include, among many
others, climate, physical geography, social and cultural perception, and the existing built
environment.
Finally, breaking the data down into logical subgroups to understand differences among
the surveyed population may help to better address the question of how to get more people
commuting by bicycle. Altogether, these varied approaches may shine light onto the central
question, and contribute to our understanding of how to achieve a larger population of bike
commuters.
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Chapter 4
Discussion of Results

4.1 – Overview of Sample Population

To address the central question of how to get more people bicycle commuting, a survey
was developed that attempted to draw out each individual’s personal reasons for not bike
commuting, or for not commuting more than they already do. These questions identified and
ranked commonly stated reasons, such as traffic, weather, distance, inconvenience, and many
others. Then, the survey was distributed through various channels over the course of a week and a
half, from late October 2012 to November 6, 2012. The channels and networks primarily used
included Penn State Live, Penn State’s Center for Sustainability, the Centre Region Bicycle
Coalition, and through friends and family, mainly located in either State College, PA or
Washington DC.
The survey collected
responses from 373 respondents.
However, before understanding the
data, the sample population must be
addressed. As seen in Figure 4.11,
the sample population is not a
representative population of the
State College area, the Washington,
Figure 4.1 1 – Surveyed population is not an accurate
distribution of the general US population, nor of any major
cities within the United States

DC region, or the United States as a
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whole. According to the American Community Survey, 0.53% of people commute by bike on
average in the U.S. (US Census Bureau, 2012). In the Washington, DC area, the ACS estimated a
bike commuting population of 3.1% (US Census Bureau 2012), and in State College that number
is said to be 2.65% (Florida, 2011). The sample population represented in the survey had a rate of
bike commuting at nearly 40%. Central Pennsylvania had a share of nearly 54% bike commuters,
and the Washington DC sample population had 32% of people saying they have been bike
commuting for at least a year. The total share of the surveyed population to respond that their
primary mode of transportation was a bicycle was just over 10%. Though these initial findings
point to possible faults within the data, there is still much to be learned and extracted from the
responses.

4.2 – Understanding Trends

The data collected lends itself nicely to understanding trends within a population
that has some reason to take a survey regarding bicycle commuting in the first place. Only eight
respondents of the population were either very strongly against (3) or strongly against (5) the idea
of bicycle commuting, leaving 98% of the surveyed population neutral to strongly in support of
bicycle commuting. Similarly, 52% of the sampled population was receptive or strongly receptive
to making commuting by bike their consistent transportation method. Receptiveness to bike
commuting can be seen in Figure 4.21.
Of the entire sample, 71% responded that they currently own a bicycle suited for
commuting purposes. 66% of the surveyed population expected an average distance between
home and work or other local destinations to be between 0 and 6 miles. It is assumed 6 miles or
under is a reasonable distance for an individual to commute, though over 6 miles is still
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completely feasible
with proper planning
and commitment. As
seen in the data, 31
people, 8% of the
respondents, commute
by bike on a route
over 6 miles, with 21
commuting between 6

and 10 miles and 10
commuting over 10

Figure 4.2 1 – A majority of the surveyed population was inclined to make
bicycle commuting their consistent transportation method.

miles. Overall, 147 respondents, or 39% of the population, said they already do bike commute to
some extent.
Of the 226 that do not bike commute, interesting trends emerge. 44 respondents that
commute 2 miles or less do not bike commute. 12 individuals, or 27% of those that do not bike
commute, use a car to transport themselves. The other transportation methods used relied on
walking or public transportation such as busses and local rail systems. However, of the 87
respondents that have a commute between 2 and 6 miles, still a reasonable commute by bicycle,
75% commute by car. 85% of the 95 individuals who have a commute greater than 6 miles
commute by car. It is very representative of a society, or at least an evolved built environment,
centered on car commuting. Given these sample statistics, how can the trends be changed to
reflect an environment, socially and physically, conducive to bike commuting, or to active
commuting in general?
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4.3 - The Stated Barriers to Biking

The main focus of the survey was to better understand the barriers individuals have to
bicycle commuting. The majority of each individual’s story tells a tale of bad weather and
unsuitable paths and commuting routes. While many understand, albeit to an unknown extent, the
advantages of bicycle commuting, as seen in Figure 4.31, many clearly believe the benefits of

Figure 4.3 1 – A vast majority of respondents understand
there are real benefits that bicycle commuting can bring an
individual.

commuting by car outweigh the benefits of bicycle commuting. Those benefits can be as simple
as peace of mind, or involve thoughts related to safety, perceived time savings, economic
advantages, and many other factors. Whatever the justification, the car is still believed to be an
overwhelmingly important necessity in American society (Taylor, 2009). While the research
suggests the benefits biking brings outweigh the risks in numerous branches of society as
described in Chapter 2, perception leads to less than optimal outcomes. Lest one takes this as a
generalization, the data collected in the survey itself points to substantial discrepancies between
existing primary transportation choices and preferred ones, as shown in Figure 4.32.
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Figure 4.3 2 – Chart illustrates the single mode
of transportation most used by the surveyed
population, and the ideal transportation mix
for the population.
Within the surveyed population as a whole, there were several factors in particular that
keep people from jumping on their bike for travel purposes more often than they currently do.
These factors were contained within two general areas, both of which come as no surprise. (Note:
the following percentages contain the top 3 levels of responses in each particular constraint,
unless otherwise noted. For example, in the case of personal health issues, the categories
containing the middle ground (selection 3), a barrier (4), and a significant barrier (5), were used.)
The first category is weather, with snow, sleet, hail, and ice keeping 92% of the sample
population from using their bike for travel more than they currently do. Rain and cold
temperatures keep 85% and 80% of the population, respectively, from bike commuting more than
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they currently do. These represent the three largest percentages of the surveyed population’s
barriers to bicycle commuting. The next overarching category includes infrastructure and traffic
issues. This includes issues of generally unsafe roads (75.27%), lack of on street bike lanes
(74.46%), traffic volumes during commute (73.44%), and lack of off street bike lanes (68.46%).
Given these findings, research pointing to building bicycle paths and other infrastructural
amenities to separate cyclists from daily vehicle traffic seems to be validated, though the
evidence through this single survey is not significant and does not scientifically confirm much.
(Dill, 2003). A complete list of the findings showing the barriers to biking can be found in
Appendix C.

4.4 – Head, Hands, and Heart, and the Theory of Constraints

Figure 4.4 1 – HHH graphic
representative of entire
surveyed population.
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Given these findings after a quick glance at the data as a whole, utilizing the
methodology of the TSL domains may point to a more holistic understanding of the state of a
population and, as described in Section 4.5, within specific geographic regions. The resulting
values and representative graphic was surprisingly even in each of the three learning domains for
the population as a whole, as seen in Figure 4.41. The fact that each domain is incredibly similar
in value suggests that the theory of constraints is not a viable tool in understanding which of the
three learning domains should be addressed. Even more, after breaking the surveyed population
into commuter and non-commuter subgroups, it is clear there is not one specific domain that is
significantly limiting a population from biking more than they currently do. This relationship can
be seen in Figure 4.42. Implications of this evidence is discussed in Chapter 5. Many other
subgroups, such as those with certain distances to travel, or those that consider their community
to be more bicycle friendly, were not analyzed.
Figure 4.4 2 – HHH
graphic illustrating split
between commuter and
non-commuter surveyed
population.
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4.5 – Geographic Discrepancies

The data collected through the survey represented individuals from all over the world.
However, there were two large concentrations of responses from Central Pennsylvania (153),
namely State College and the surrounding area, and Washington DC (41). The channels used for
survey distribution in both areas varied substantially, and may have very well led to fundamental
variations in the data collected. More conclusions could have been drawn out had there been a
sufficient sample to delve into differences between the bicycle commuting populations of
Washington DC and Central PA. However, the survey collected only 13 responses from
consistent bicycle commuters in the Washington DC area, making it difficult to draw any
conclusions.

4.6 – Logical Subgroups for Maximizing Commuter Numbers

The last method used for understanding the data was to simply break down the data into a
logical subgroup. This subgroup contained those that do not bike commute, but who stated they
would be very receptive to bicycle commuting (33 individuals). This pertains specifically to the
central question of the research in that it may identify barriers prohibiting a likely group of bike
commuters from taking the first step. However, as section 4.3 discussed, the largest barriers for
this group still paralleled those of all the populations. By and large, the concerns focused on
difficult weather, and traffic issues due to a lack of bicycle lanes. It is clear bike lanes and traffic
related issues may very well be a large chunk of the constraints necessary to alleviate before a
large group of people will start to make a switch. The early adopters, those that have already
made the mental transition, are committed to bicycle commuting and understand, or feel, the
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benefits. The next group of individuals ready to take to the streets will most likely need paths to
encourage them to take the next steps.
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Chapter 5
Recommendations for Change
The past few chapters have helped to better understand the benefits that commuting by
bicycle, instead of by car, can have for the individual, a local community, and beyond. They have
also attempted to understand what is keeping individuals from reaping the benefits of such a
transition. The framework through which this work was conducted centered upon uncovering a
path forward. One of these paths focused on applying the theory of constraints to the TSL
(transformative sustainability learning) domains to observe whether one of the three domains was
prohibitively keeping a given population from commuting more by bicycle. The second path
focused on breaking down the compiled survey data to better understand specific constraints, to
draw relationships between sub-populations, and to illuminate any other helpful conclusions.
After the data were analyzed though, it was clear that an effective conclusion had not
been found. With respect to the combined TOC and TSL approach, no clear learning domain was
a limiting factor. Instead, it seemed as though each domain supplemented each of the others as
they grew. This is discussed in section 5.1. With respect to strategically unpacking trends within
the data, the reality and necessity of building infrastructure was ubiquitous. While the
methodology may not have been developed enough to understand subconscious social paradigms
keeping people from biking, it was clear more infrastructure and bicycle friendly investments
would indeed encourage more people to commute by bicycle more often.
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Section 5.1 – Transformative Sustainability Learning

The results of organizing the data within the cognitive (head), psychomotor (hands), and
affective (heart) learning domains provided useful, though not conclusive, insight into behavior
change. Not a single sub-group resulted in significant differences between the learning domains.
This conflicts the approach taken to understand where resources could be channeled to best
increase ridership population. However, it suggests that as a person changes their behavior, each
learning domain grows with it in relatively equal fashion. As seen previously in Figure 4.41 and
also Figure 4.42, no one domain is a large enough constraint. This may lead one to believe that as
one learning domain is triggered or positively affected, the others grow with it. For example, as
one becomes a more passionate bicycle commuter, they start to understand the benefits more, and
they learn to ride more safely and find optimal routes. Similarly, if bike lanes are built to
encourage more bike commuting, more people start biking, they start to understand the benefits,
and they begin to value their daily commute. There are many different combinations of paths that
people have taken that have changed their behavior, but the resulting transformation is apparent.
All three domains grow together.

Section 5.2 – Should You Build It?

The largest constraint among the surveyed population or any sub-group within that
population pointed to weather and infrastructural challenges. Weather does not change when we
would like it to, so the only way of getting around the rain and snow is through it, using the best
clothes and gear available for the job. The next item on the menu for change is improving
physical bicycle infrastructure. I was not convinced of the “if you build it, they will use it”

29
argument regarding such projects. While this research does not directly support nor refute this
claim, it does point to building infrastructure as a very real path for increasing a bicycle
commuter population. It may have been more beneficial after all to look into why local
governments are not fast-tracking bicycle projects. Nonetheless, this research was still an
important and enlightening stepping stone in the process.
The cost of building bicycle infrastructure is a fraction of the cost needed for car centered
transportation. According to a report by the League of American Bicyclists, bicycle infrastructure
can cost anywhere between $5,000 and $60,000 per mile, depending on a variety of factors
(League of American Bicyclists, 2009). Highway construction costs on the magnitude of millions
of dollars. In California, repaving 3 miles of interstate 710 cost $75 million (League of American
Bicyclists, 2009). Simply put, if the political will is there to redirect just a small portion of
funding previously for roadways, most any town or city could get that much closer to spurring a
bicycle revolution. The question then becomes how to affect the political will.

Section 5.3 – Policy, Power, and the People

Conducting this research has made it very clear there is no one single switch that can be
flipped to galvanize the rapid adoption of the bicycle for daily transportation needs. Development
of infrastructure may be one single switch, but the process of gaining that political will is in itself
a process. Therefore, one very important piece of the puzzle for transition is engagement with
policy and regulations, especially at the local level. A fantastic outline on how policy is shaped
can be found in Theodore Buehler’s 2007 paper “Fifty Years of Bicycle Policy in Davis, CA”
(Buehler, 2007). The points contained within that paper provide an excellent lens through which
to view transportation policy, especially in relation to bicycles. It is important to engage at the
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local level, at least initially, because there are a variety of specific regulations and policies in
place in every locale. Understanding the specific policy barriers is crucial in altering them to
accommodate bicycle infrastructure.
Bicycles have had very little impact in the minds of the American population up until
now. Though a movement is surely upon us, the influence of the bicycle is still minimal.
Throughout his book, Gaventa talks about three faces of power, and one of those faces is crucial
in understanding one reason as to why people may not be biking more than they currently do
(Gaventa, 1980). If bicycles have little influence in a person’s daily life, they will not be
constantly reminded of their presence. Restricting participation by simply omitting bicycles from
policy decisions and daily life make the bicycle fade into the background. An average person’s
exposure to bicycles may include being annoyed by a few bicycle commuters on their way to
work in the morning, and then maybe a news article of a bike crash once in a while. They get
home and are bombarded with automobile commercials among many others and as a result the
bicycle has minimal, and sometimes negative, exposure for the average person. As a partial result
of this car-centric mentality, 88% of Americans see the automobile as a necessity in life (Taylor,
2009).
Understanding the lack of power bicycles have on the average mind, and that no one
switch can be flipped to start a bicycle revolution, one conclusion is as follows. The people must
start the revolution everywhere and anywhere they can. Individuals can start bike commuting, and
talk about bike commuting to their friends, family, and coworkers. Just the simple act of getting a
bike out on the road increases bicycle exposure for many around them. In one article, it is said
every cyclist inspires 3.6 people to resume or pick up bicycling (Strickland, 2006). One can never
really know the true impact of their actions.
Local business owners, managers, and employees can work within their business to
encourage bicycling both internally and externally. It is fairly well understood bicycling promotes
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lower health care costs, better productivity, and more sales. Within institutions like universities,
teachers can sneak in bicycling facts in a lecture, and administrators can encourage bike friendly
policies and incorporate bicycles into future planning. Simply starting conversations among
coworkers can lead to substantial changes.
Policy makers can create policies that redirect funding, and can request information or
schedule meetings to discuss the potential benefits bicycling can bring. Local advocacy groups
are perhaps the most important institutions to create local change. If adequately invested, they
understand the local regulations and their shortcomings, they know the largest bike supporters in
the area, and can provide direct access for individuals to local businesses, decision makers, and
others to jumpstart the movement. When the people address this issue from all angles, the bicycle
comes to the forefront of the minds of a community, and the benefits become apparent if
communicated effectively. Nothing short of a bicycle revolution will occur if the members of a
community work as one, from various perspectives, to create a new transportation paradigm.

Section 5.4 – Shortcomings and Future Research

This research has brought to light many areas with potential for future research, along
with some shortcomings within its own design. Those shortcomings include the following. The
bicycle centered survey helped to understand bicycle transportation at the expense of knowledge
regarding other useful mechanisms including walking and local public transportation. A survey
could have been developed to address the entire transportation realm, instead of focusing solely
on bicycles. This may have also helped with gathering a larger, more accurate sample population,
instead of one biased to help with research on bicycle transportation. A more scientifically sound
framework for developing the survey could have been useful too, especially in its largely
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arbitrary assignments of the three learning domains. While the TSL framework proved to be very
helpful and informative, the weights given for each level of responses was not scientifically
motivated. However, the results were consistent and provided helpful insights.
The research as a whole was ultimately not entirely helpful in addressing the question of
how to get more people bicycle commuting. However, it was extremely helpful in providing
avenues for future research that may spark more informed and data-driven research on the topic.
These avenues include, but are not limited to, the following.
•

Looking into specific decisions made regarding all transportation mechanisms
within a local area, are they scientifically motivated, politically determined, or
just sustaining the status quo

•

Scientifically unpacking behavior change as it relates directly to bicycling

•

Understanding if quality or quantity of bike infrastructure is an important factor

•

Developing a more holistic understanding of trading a car for a bike, especially
where abundant alternatives are present like car rentals and rail systems

33

Chapter 6
Conclusions
The purpose of this research was to engage with a topic that could potentially lead to
positive transformations within our society. Through my studies at Penn State and other life
experiences, I began to see the immense benefits bicycling could have. I was in a position to
delve deeper into the topic, and though little resulted in the way of concrete conclusions, a much
more informed and deeper understanding of the issue was gained.
An important aspect to the goals of the research was to understand just why bicycling
could prove to be so beneficial. As outlined in Chapter 2, there are both clearly evident and
distantly connected economic, social, and environmental benefits to a population that commutes
more by bicycle. Health benefits and associated cost reductions for the individual, community,
and country are apparent. They save money and increase productivity and happiness. They are
also proven to be safer, and when more bikes are used within a community, they become even
safer. Economically, bicycles cost less to operate, saving money for the individual and keeping
more money local for other uses like healthier food or local products. Bicycles are also easier on
the environment. They use fewer resources to manufacture and generate far less pollution
throughout their life cycle. The costs associated with oil use are also greatly reduced as more
individuals adopt the bicycle as a primary mode of transportation.
With all these benefits, however, constraints are still keeping the public from using their
bicycles. With the development of communities centered upon the automobile, citizens have a
hard time breaking the mold. Some barriers are unchangeable, like the weather. Others, like
infrastructure, take time to change, but are indeed variable with longer time horizons. There are
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also many personal issues like professional dress, appearance, and logistical issues. While these
barriers can be overcome, the benefits of driving a car still outweigh the benefits of riding a
bicycle for most people. In understanding how to get more people riding bikes, the Theory of
Constraints when applied to learning domains within an individual offered interesting and
unexpected conclusions. There is no one learning domain that should be focused upon, but rather
all three need to be addressed to achieve maximum change and adoption of new habits.
With these findings in mind, if a bicycle revolution is going to take place, it will take the
actions and words of everybody involved. Individuals must have conversations whenever they see
the opportunity. No matter what position that individual is in, whether it is a teacher, politician,
friend or fellow citizen, there are ideas to be spread. The more people talk and advocate the use of
bicycles, development of infrastructure, and advancement of bicycle policies, the more the
bicycle will again creep into the minds of many. Much progress has already been realized, and
much more progress is sure to occur, so long as committed individuals engage with the topic
every chance they get.
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Appendix A

Bicycle Commuting Survey for Undergraduate Thesis Research

Greetings! Thank you for taking the time out of your busy day to complete
this short (no more than 15 minute) survey regarding biking. It is crucial
that those who do not bike take this survey along with those who already
use or sometimes use a bicycle for daily transportation, so please pass the
link on to any and all who you think might be interested in helping
understand the dynamics of bike transportation. This survey will close
Saturday, November 3 at 5:00 PM. More information and instructions are
contained within the survey itself. Thank you!
Will Mitchell
Schreyer Honors College, Penn State University
Geography and Energy, Business, & Finance
College of Earth and Mineral Sciences

36

Implied Informed Consent Form for Social
Science Research
The Pennsylvania State University
Title of Project: Bicycle Commuting: Understanding Opportunities and
Constraints in the 21st Century
Principal Investigator: Will Mitchell, Undergrad Student studying
Geography and Energy, Business, & Finance University Park, PA 16802
email: wpm5022@psu.edu
Advisor: Dr. Antonio Nieto, 122 Hosler Building University Park, PA 16802
email anieto@psu.edu
Purpose of the Study: The purpose of this research is to look into the
benefits to traveling by bicycle, and to understand the major constraints
keeping people from biking more than they do currently.
Procedure to be followed: You will be asked to answer questions regarding
habits and perceptions related to biking.
Duration: It should not take more than 15 minutes to complete this survey.
Statement of Confidentiality: Your participation in this research is
confidential. The survey does not ask for any information that would
identify who the responses belong to. In the event of any publication or
presentation resulting from the research, no personally identifiable
information will be shared because your name is in no way linked to your
responses.
Right to Ask Questions: Please contact Will Mitchell
at wpm5022@psu.edu with questions or concerns about this study.
Participation: Your decision to be in this research is voluntary. You can
stop at any time. You do not have to answer any questions you do not
want to answer. You must be 18 years of age or older to take part in this
research study. Completion and return of the survey implies that you have
read the information in this form and consent to take part in the research.
Please keep this form for your records or future reference.
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I have read and understand the information stated above and am willing to
complete this survey. * (required)
__Yes
1. Do you currently own a bicycle suited for commuting purposes?

(HANDS)
_____Yes

_____No

2. How comfortable do you feel on a bicycle? (HANDS)
Not comfortable at all

_____
(1)

_____
(2)

_____
(3)

_____
(4)

_____
(5)

Very safe and secure

3. How much do you enjoy bike riding? (HEART)
Not at all

_____
(1)

_____
(2)

_____
(3)

_____
(4)

_____ I couldn’t live without a bike
(5)

4. How strongly do you support the idea of bike commuting? (HEAD)
Against bike commuting _____
(1)

_____
(2)

_____
(3)

_____
(4)

_____
(5)

Do anything to encourage it

5. What is the terrain like where you live, or along a typical route?
Flat as Kansas

_____
(1)

_____
(2)

_____
(3)

_____
(4)

_____
(5)

Big hills wherever I go

6. How far would a typical bike commute be for to get to work or other local
destinations?
_____0 Miles

_____1-2 Miles

_____2-6 Miles

_____6-10 Miles

_____Farther than 10 Miles

7. How bikefriendly do you PERCEIVE your community’s physical
environment to be? (HANDS)
Not at all

_____
(1)

_____
(2)

_____
(3)

_____
(4)

_____
(5)

I feel I could ride anywhere safely
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8. How bikefriendly do you PERCEIVE the average person in your community
to be? (HEART)
Not at all

_____
(1)

_____
(2)

_____
(3)

_____
(4)

_____
(5)

Everybody is encouraging

9. How receptive are you to making your bike a consistent transportation
method? (HEAD)
Not at all

_____
(1)

_____
(2)

_____
(3)

_____
(4)

_____
(5)

Very open to the idea

10. What do you think might motivate an individual to commute by bike?
(Check all that apply.) (SPECIAL DESIGNATIONS) (health, enviro,
econ reasons average in HEAD, enjoyable in HEART)
_____It is a healthy habit/keeps them active
_____It is environmentally-friendly
_____It is economically beneficial
_____It can be faster than other modes of transportation
_____It is enjoyable to ride
Other: Please specify
__________________________________________________________________________________
_____________________________________________________________________________

11. Do you feel that commuting by bike entails an entire lifestyle change?
Not at all

_____
(1)

_____
(2)

_____
(3)

_____
(4)

_____
(5)

Absolutely

12. How long have you consistently used a bicycle for commuting or local
travel purposes? (HEART)
_____ I don’t bike commute
_____ 1 year
_____ 2‐3 years
_____ 4‐8 years
_____ 9 – 20 years
_____ longer than 20 years

13. Has commuting by bike positively impacted your life in some way? (If you
do not commute, check “Not at all” (HEART)
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Not at all

_____
(1)

_____
(2)

_____
(3)

_____
(4)

_____
(5)

Absolutely

14. What are the most powerful barriers keeping you, as an individual, from
using a bicycle more frequently than you do now for daily transportation
needs?
_____________________________________________________________________________________________
_____________________________________________________________________________________________

(HEAD) (HANDS) (HEART)

(how would you get over these barriers?)

15. In addition to the above barrier(s), please rank the following possible
barriers to bike travel: (each item in the list below contains a scale of 1 – 5,
1 being an insignificant barrier, and 5 being a substantial barrier.)
16. Cold winter temperatures (HEAD)

(HANDS) (HEART)
17. Hot summer heat (HEAD) (HANDS) (HEART)
18. Rainy weather (HEAD) (HANDS)
19. Snow, sleet, hail, ice (HEAD) (HANDS)
20. Distance needed to travel (HANDS) (HEART)
21. Lack of on‐street bike lanes (HANDS)
22. Lack of off‐street bike lanes (HANDS)
23. Low‐quality pavement (HANDS)
24. Bike routes not seasonally maintained (leaves, snow, etc) (HANDS)
25. Generally unsafe roads (HANDS)
26. Traffic volumes during commute (HANDS)
27. Lack of Bike Parking
28. No shower/change facility at work (HANDS)
29. Professional dress issues (HEAD)
30. Lack of proper bike attire (HEAD)
31. Insufficient storage space (HANDS)
32. Coordination with children

(HEAD)
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33. Don’t enjoy biking

(HEART)

34. Just used to driving or other methods (HANDS)

(HEART)

35. Social perception of biking (HEART)
36. Safety concerns of biking (HANDS)
37. Exposure to crime (HEAD)
38. Personal health issues
39. Age
40. Don’t know how to ride a bike (HANDS)
41. How likely would you be to attend local classes offered to help you
overcome the above barriers? (HEAD) (HEART)
Not a chance

____
(1)

____
(2)

____
(3)

____
(4)

____
(5)

Very likely

42. What if local businesses offered special discounts in their stores for
attending such a class?
Not a chance

____
(1)

____
(2)

____
(3)

____
(4)

____
(5)

Very likely

43. Where do you currently live?
City or Municipality ____________________

State____________________

44. What is your age?
_____18 – 25

_____26 – 45

_____46 – 70

_____70 or older

45. What is your occupation? (Check all that apply.)
_____student _____part time employment ____full time employment
____full time volunteer _____unemployed _____retired ____other

_____part time volunteer

46. Which of the following modes of transportation is MOST associated with
your regular daily commute or routine?
_____Walk _____Bicycle ____Motorcycle _____Bus ____Car _____Local Rail (Subway, Metro…)
_____Long Distance Rail ____Alternative (boat, skis, skateboard…) ____Other
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47. Which of the following modes of transportation would you be most likely
to use in your IDEAL commute or daily routine? (Check all that apply.)
(SPECIAL DESIGNATIONS) (percentage of bicycle out of 373 in all 3
HHH)
_____Walk _____Bicycle ____Motorcycle _____Bus ____Car _____Local Rail (Subway,
Metro…) _____Long Distance Rail ____Alternative (boat, skis, skateboard…) ____Other

Thank you for taking the time to complete this survey, I know that time is a very
precious resource these days. If you would, please pass this survey forward to
anyone and everyone you think may be interested in helping to understand the
dynamics of bicycle commuting. The survey will close on [Date]. Thank you for
taking the time to participate, and if you have any follow‐up questions, please do not
hesitate to contact me at wpm5022@psu.edu.
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Appendix B

Methodology and Assigned Weights
TSL Learning Domain Designations
Question 1
This particular value added to the psychomotor (hands) domain. Example numbers given below.
Own a Bicycle for Commuting?
Yes – 263
No – 107
Total Responses – 370

Assigned Weight
1
0

(263/370) = 0.711
(107/370) = 0
Resulting Value = 0.711

Questions 2, 3, 4, 7, 8, 9, 13, 41
This group of questions yielded responses from 1 to 5, with 5 being the most preferable in terms
of a stronger learning domain. Therefore, higher values were given larger weights. Each question
filtered into one of the three domains, depending on the question. Example numbers given below.
Response and Assigned
# of Responses
# of responses Weight
× weight × 2
1 – 10
0
(10 × 0 × 2)/372
2 – 23
0.05
(23 × 0.05 × 2)/372
3 – 70
0.15
(70 × 0.15 × 2)/372
4 – 107
0.3
(107 × 0.3 × 2)/372
5 – 162
0.5
(162 × 0.5 × 2)/372
Total – 372
Resulting value to be assigned to given domain – 0.671

Values to be added
0
0.006183
0.056452
0.172581
0.435484
SUM – 0.671

Question 10
This question was filtered into two different domains. The first three items were attributed to the
cognitive (head) domain (0.851). The last item dealt with the affective (heart) domain (0.748).
Example numbers given below.
Reason to Bike Commute
Healthy habit – 332
Environmentally friendly – 299
Economically beneficial – 321

332/373
299/373
321/373

0.8901
0.8016
0.8606

Average
0.851

Enjoyable – 279

279/373

0.748

0.748
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Question 12
This question assessed if one bike commutes, and if so, for how long they have been. Weights
were assigned arbitrarily, with 4 years and above being equal in weight, 1 through 4 being
slightly less, and 0 given to non-commuters. Example numbers given below.
Response and
Assigned
# of responses
Weight
Don’t bike commute – 226
0
(0 × 226 × 4)/373
1 year – 27
0.1
(0.1 × 27 × 4)/373
2-3 years – 44
0.15
(0.15 × 44 × 4)/373
4-8 years – 31
0.25
(0.25 × 31 × 4)/373
9-20 years – 20
0.25
(0.25 × 20 × 4)/373
longer than 20 years – 25
0.25
(0.25 × 25 × 4)/373
Total responses – 373
Resulting value to be assigned to affective (heart) domain – 0.303

Values to
be added
0
0.029
0.071
0.083
0.054
0.067
SUM – 0.303

Questions 15 – 26, 28 – 37
This group of questions yielded responses from 1 to 5, with 1 being the most preferable in terms
of a stronger learning domain. Essentially each barrier for a “perfect” bicycle commuter would be
insignificant, and the process used attributes 1 to a perfect bike commuter, and 0 to one who has
nothing to do with bikes or bike commuting. Some questions filtered into multiple domains. See
Appendix A for exact designations. Example numbers given below.
Response and
Assigned
# of Responses
# of responses
Weight
× weight × 2
1 – 336
0.5
(336 × 0.5 × 2)/373
2 – 18
0.3
(18 × 0.3 × 2)/373
3–7
0.15
(7 × 0.15 × 2)/373
4–3
0.05
(3 × 0.05 × 2)/373
5–9
0
(9 × 0 × 2)/373
Total – 373
Resulting value to be assigned to given domain(s) – 0.936

Values to be added
0.901
0.029
0.006
0.000
0
SUM – 0.936

Question 47
This question assed the respondent’s ideal mode of transportation. Weight only given to a
preference of bicycle commuting. Example numbers given below.
Bicycle selected as one of ideal transportation methods/total respondents
240/373 = 0.643
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Appendix C

Stated Constraints to Bicycle Commuting

Weather Issues
Infrastructure Issues
Logistical Issues
Personal Issues
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