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ABSTRACT

Introduction: Bicycling is a type of physical activity associated with positive health outcomes, but many barriers exist to regular bicycling for
recreation and transportation. The objective of this study was to describe self-reported barriers to bicycling overall, and by bicycling domain, among
a national sample of persons aged 16 and above that reported bicycling outside in the past week.

Methods: This analysis, conducted in 2019, utilized data from the United States (US) Department of Transportation’s 2017 National Household
Travel Survey (NHTS). Weighted point estimates and 95% confidence intervals were calculated for reported barriers to bicycling by category of
bicyclist: exercise-exclusive, multi-use, and commuter.

Results: The final analytic sample was 18,189, representing approximately 7% of the US population (N = 20,911,680). Barriers that prevented
bicycling more was reported by 37.9% of the US population of adult bicyclists (95% CI 37.2, 38.6). Barriers related to safety were more commonly
reported (31.9% of total bicyclists), compared to barriers related to infrastructure (22.1% of total bicyclists). Safety-related barriers were more
commonly reported among multi-use bicyclist (33.7% vs. 30.9% of exercise-exclusive). Commuter bicyclists reported infrastructure barriers the
least (13.9% vs. 22.7% of exercise-exclusive). The most commonly reported single barrier to bicycling more, regardless of bicycling category, was
heavy traffic (10.3% of total bicyclists), followed by no nearby paths or trails (7.6% of total bicyclists). Overall, distribution of individual barriers
was similar across categories of bicyclists: exercise-exclusive, multi-use, and commuter.

Conclusions: Heavy traffic and lack of separated paths or trails were the most frequently identified barriers to bicycling more. Communities wishing
to promote bicycling for transportation, recreation, or both should consider how traffic reduction strategies and changes in the built environment
could make bicycling safer and more accessible.

1. Introduction

The United States (US) Physical Activity Guidelines for Americans, 2nd edition, recommends adults engage in at least 150-300 min
of moderate-intensity aerobic activity, 75-150 min of vigorous-intensity aerobic activity, or an equivalent combination per week
(Physical Activity Guidelines for Americans, 2018). Bicycling, one of the most commonly reported physical activities in the US (Dai
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et al., 2015), is one way for adults to achieve recommended levels of physical activity (Titze et al., 2014). Bicycling has also been
shown to be associated with numerous health benefits (Oja et al., 2011; 2018 Physical Activity Guidelines Advisory Committee, 2018).

In 2012, 21% of the US adult population reported riding a bicycle in the past 30 days for any purpose; 13% rode a bicycle for
recreation and 8% rode for transportation (Porter et al., 2018b). However, bicycling mode share for commuting to and from work is
substantially lower. According to data from the National Household Travel Survey (NHTS) (Federal Highway Administration, 2017), in
2017 the share of commuter bicycling on any given day for workers was 1.1%, rising from 0.6% in 2009 (Pucher et al., 2011). The
prevalence of bicycling for transportation in the US is substantially lower than European countries. One study reported that 48% of the
population residing in 5 regions across Europe bicycled for transportation in the past week (Mertens et al., 2017). Barriers that prevent
US residents from bicycling for recreation and transportation likely contribute to these geographic differences (Pucher and Buehler,
2016).

Understanding barriers to bicycling in the US is critical. Identification of bicycling barriers can assist policymakers, city planners,
and transportation and public health agencies for designing community-level approaches to increase bicycling behavior (Community
Preventive Sercies Task Force, 2016). Understanding barriers could also help in the design of interventions to increase bicycling mode
shares. For example, both educational endeavors and good infrastructure design practices, which enhance connectivity and mixed land
use, can reduce active transportation barriers (Handy et al., 2002). Workplace programs promoting commuting by bicycle contribute
to greater commuting bicycle shares (Porter et al., 2019b). Car-restrictive policies lead to lower speeds and, thus, decreasing auto-
mobile use attractiveness and setting better conditions for bicycling (Pucher et al., 2010).

Bikeability, as defined by Whalgren & Schantz (2011), is concerned with environmental factors associated with bicycling, and the
interaction of these factors with the bicycle and the bicyclist for a given trip. Prior research has identified major environmental ob-
stacles to bicycle riding, including safety issues primarily due to car traffic, bicycle lanes density and accessibility, lack of protected
infrastructure, and aspects of the natural environment such as weather and topography (Cervero and Duncan, 2003; Fowler et al.,
2017). Further, bikeability of an environment is tied to pereceptions of the environment, such as safety, comfort, weather conditions,
and security (Moudon and Lee, 2003; Nahal and Mitra, 2018). There is also research that has identified differing environmental factors
hindering domain specific bicycling — transportation (e.g., going to the store, visiting someone, or commuting to work/school) and
recreation (e.g., exercise or for fun). Recreation and transportation bicyclists are encouraged by conducive infrastructure, while
bicycling comfort and car-limiting behaviors are primarily associated with transportation bicycling (Xing et al., 2010).

Exploration of perceived barriers by bicycling domain is limited. It is possible that perceived bicycling barriers differ by bicycling
domain, due to where, how, and for what purpose individuals are bicycling. In addition, bicycling barriers have not yet been examined
in the US at a national level. The objective of this study was to describe self-reported barriers to bicycling overall, and by bicycling
domain, among a national sample of persons aged 16 and above that reported bicycling outside in the past week.

2. Methods
2.1. Study sample

Data are from the US Department of Transportation’s 2017 National Household Travel Survey (NHTS) (Federal Highway
Administration, 2017). The 2017 NHTS is the eighth iteration of a nationally representative cross-sectional survey on daily travel,
which occurs at irregular intervals. Data were collected from stratified random samples of US households. Address based sampling was
utilized, in which a random selection of residential addresses was identified via the US Postal Service (Federal Highway Adminis-
tration, 2018). Participants completed the 2017 NHTS via two phases — (1) a mail-based household recruitment survey, which
collected information about the household, transportation, and travel behavior, and (2) a primarily web-based person-level retrieval
survey, which inquired about travel conducted on a study-assigned day (Federal Highway Administration, 2018). More information on
the NHTS and questionnaires used can be found at nhts.ornl.gov. The University of Southern Mississippi Institutional Review Board
deemed this study exempt from review.

2.2. Measures

As part of the 2017 NHTS retrieval survey, participants were asked how many times they rode a bicycle outside including bicycling
to exercise or to get somewhere in the past week. If an individual bicycled in the past week, indicated by a value greater than 0, they
were asked how many of these bicycle rides were strictly to exercise. For this analysis, participants were categorized into two mutually
exclusive groups. Participants who indicated that all of their bicycle rides were for exercise (i.e., total number of rides equal to the
number of exercise rides) were categorized as an “exercise-exclusive bicyclist”; otherwise, participants were categorized as a “multi-
use bicyclist”. The 2017 NHTS also assessed the usual travel mode for getting to work in the last week for employed individuals
working outside home. Twenty modes were offered as travel options (e.g., car, bicycle, walking, but, taxi, etc.). Employed participants
that worked outside the home and indicated that they reached their primary job via bicycle were categorized as “commuter bicyclists”.
This group was not mutually exclusive from the “multi-use bicyclists”. If a participant reported that all of their rides were for exercise
but also reported bicycling to work, they were categorized as a “multi-use bicyclist”.

In the 2017 NHTS, participants aged 16 and above who reported riding a bicycle in the past week were asked to report reasons they
did not bike more. These reasons fell into two areas: infrastructure (no nearby paths or trails, no sidewalks or sidewalks are in poor
condition, no nearby parks) and safety (street crossings are unsafe, heavy traffic with too many cars, not enough lighting at night).
Participants selected all that applied, which resulted in 7 categories for infrastructure barriers (3 individual barriers and their 4



combinations) and 7 categories for safety barriers (3 individual barriers and their 4 combinations). Sociodemographic characteristics
of participants, including age, gender, race/ethnicity, educational attainment, household income, and count of household vehicles
were also collected.

2.3. Statistical analysis

Participants were excluded from the final analytic sample if they were under the age of 16, reported not riding a bicycle in the past
week, or had missing data. Weighted descriptive characteristics were calculated for the proportion of participants who reported riding
a bicycle in the past week (total, exercise-exclusive, multi-use, commuter) by age, gender, race/ethnicity, educational attainment,
household income, and count of household vehicles. Weighted point estimates and 95% confidence intervals were calculated for
reported barriers to bicycling more by category of bicyclist: exercise-exclusive, multi-use, and commuter. Analyses were conducted in
2019 using Python 2.7.3.

3. Results

In total, 264,234 individuals completed the survey. After excluding participants younger than 16 years of age (n = 27,939), those
who did not ride a bicycle in the past week (n = 217,633) and those with missing data (n = 473), the final analytic sample was 18,189,
representing approximately 7% of the US population (N = 20,911,680). Of the total population of bicyclists, 63.6% were exercise-
exclusive and 36.4% were multi-use. Approximately 7% of those categorized as multi-use bicyclists identified as a bicycle
commuter, representing 0.4% of the US population. Descriptive characteristics of the sample are reported in Table 1.

Reasons for not bicycling more, by type of bicyclist, are reported in Table 2. The majority of bicyclists did not report any barriers to
bicycling more (62.1% of total bicyclists). Barriers related to safety were more commonly reported (31.9% of total bicyclists), as

Table 1
Weighted descriptive characteristics of study sample, 2017 National Household Travel Survey (n = 18,189; N = 20,911,680).
Total Bicyclists Exercise-Exclusive Bicyclists Multi-use Bicyclists Commuter Bicyclists®
n = 18,189 n = 11,563 n = 6626 n = 1053
N = 20,911,680 N = 12,070,238 N = 8,841,442 N = 1,425,296
Age [mean (SD)] 42.38 (16.09) 45.34 (16.09) 38.33 (15.16) 37.18 (12.8)
Gender [n (%)]
Male 11,177 (62.9) 6999 (61.0) 4178 (65.5) 749 (74.6)
Female 7012 (37.1) 4564 (39.0) 2448 (34.5) 304 (25.4)
Race [n (%)]
White 15,331 (76.7) 9863 (77.6) 5468 (75.5) 891 (81.2)
Black or African American 945 (10.3) 583 (10.1) 362 (10.6) 31 (4.3)
Asian 763 (4.9) 452 (4.8) 311 (5.1) 59 (6.8)
Other” 1150 (8.1) 665 (7.6) 485 (8.8) 72 (7.8)
Hispanic or Latino Origin [n (%)]
Yes 1406 (14.4) 888 (15.1) 518 (13.3) 72 (10.9)
No 16,783 (85.6) 10,675 (84.9) 6108 (86.7) 981 (89.1)
Educational Attainment [n (%)]
Less than HS 939 (8.7) 443 (7.0) 496 (11.0) 32 (5.9)
HS graduate or GED 2229 (15.2) 1421 (15.6) 808 (14.6) 101 (7.2)
Some college or associates degree 4377 (24.8) 2993 (26.6) 1384 (22.5) 182 (23.3)
Bachelor’s degree 5222 (26.2) 3383 (27.3) 1839 (24.8) 282 (23.3)
Graduate or professional degree 5422 (25.1) 3323 (23.6) 2099 (27.2) 456 (40.3)
Household Income [n (%)]
Less than $25,000 2318 (17.7) 1165 (14.6) 1153 (21.9) 142 (16.1)
$25,000-$49,999 2731 (17.1) 1723 (16.0) 1008 (18.6) 166 (21.9)
$50,000-$99,999 5489 (28.1) 3641 (30.4) 1848 (25.0) 308 (27.6)
$100,000 or more 7263 (35.3) 4760 (36.9) 2503 (33.1) 421 (34.1)
Don’t know/refused 388 (1.9) 274 (2.2) 114 (1.5) 16 (0.4)
Count of household vehicles [n (%)]
0 859 (9.5) 225 (4.5) 634 (16.4) 134 (21.9)
1 3796 (25.7) 2036 (22.3) 1760 (30.3) 380 (44.0)
2 7725 (34.3) 5184 (36.3) 2541 (31.4) 348 (21.6)
3 3601 (17.6) 2538 (20.8) 1063 (13.3) 119 (7.6)
4 1408 (8.8) 1004 (11.0) 404 (5.9) 47 (3.9)
5 or more 800 (4.1) 576 (5.1) 224 (2.8) 25 (1.0)
Household built environment [n (%)]
Urban 15,040 (82.7) 9253 (84.2) 5787 (91.5) 1007 (95.7)
Rural 3149 (17.3) 2310 (15.8) 839 (8.5) 46 (4.3)

@ Not mutually exclusive from the multi-use bicyclists; employed participants that did not work from home and indicated that they reached their
primary job via bicycle.
b Includes American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, Multiple responses, and some other race.



compared barriers related to infrastructure (22.1% of total bicyclists). Safety-related barriers were more commonly reported among
multi-use bicyclist (33.7% vs. 30.9% of exercise-exclusive). Commuter bicyclists reported infrastructure barriers the least (13.9% vs.
22.7% of exercise-exclusive). The most commonly reported single barrier to bicycling more, regardless of bicycling category, was
heavy traffic with too many cars (10.3% of total bicyclists), followed by no nearby paths or trails (7.6% of total bicyclists). Overall,
distribution of individual barriers was similar across categories of bicyclists.

4. Discussion

Perceived infrastructure and/or safety barriers inhibit bicycling for approximately 38% of the US population of adult bicyclists.
Commuters were the least likely to report bicycling barriers; this could be due to their personal experiences and perceptions, or it could
be that they are more likely to be bicycling in environments that are conducive to the behavior. Safety related barriers were overall
more commonly reported as preventing bicyclists from riding more, as compared to infrastructure related barriers. Certain types of
infrastructure, such as lane width and exclusive bicycle lanes, are directly associated with bicycling safety (Morrison et al., 2019;
Raihan et al., 2019). In this population, the most commonly reported barriers were heavy traffic and no nearby paths. This uncovers
needs for traffic calming measures (Brown et al., 2017), dynamic signal control (Abu-Lebdeh and Benekohal, 2003), and policy in-
terventions (Krizek et al., 2009). It also suggests the need for greater bicycling infrastructure accessibility, separation from main road
arteries, and car-restricting policies to encourage more frequent bicycle use. Conceivably, if paths were available that allowed for
complete separation from cars for the entirety of a bicycle ride, both barriers could be addressed (Brown et al., 2017; Hine and Russell,
1993). One consideration with paths is the ability of both transportation and recreation bicyclists to benefit from them, by assuring that
they provide access to popular destinations and for recreation activities.

This study examined perceived barriers to safety and infrastructure, rather than GIS-based objective measures. Perceptions of safety
and infrastructure are largely influenced by and associated with the objective environment but can also be influenced by other in-
dividual factors such as gender, age, and experience bicycling (Ma and Dill, 2017; Xing et al., 2010). Both perceived and objective
measures have been shown to influence bicycling behavior (Ma and Dill, 2017; Porter et al., 2019a; Porter et al., 2018a), and this
association differs depending on the domain or purpose of bicycling. Ma and Dill (2017) found that utilitarian bicyclists were more
influenced by both the objective and perceived environment, while recreation riders were more influenced by their perceptions of the

Table 2
Reasons for not bicycling more, by type of bicyclist (weighted); 2017 National Household Travel Survey (n = 18,189; N = 20,911,680).
Total Exercise-Exclusive Multi-use Commuter
Bicyclists Bicyclists Bicyclists Bicyclists®
Infrastructure [% (95% CI)]
No nearby paths or trails 7.6 (7.2, 8.0) 7.4(7.0,7.9) 7.9 (7.2, 8.5) 7.5(6.1,9.3)
No sidewalks or sidewalks are in poor condition 4.3 (4.0, 4.6) 4.1 (3.8, 4.5) 4.7 (4.2,5.2) 2.9 (2.0, 4.0)
No nearby parks 0.8 (0.7, 0.9) 0.7 (0.6, 0.9) 0.8 (0.6, 1.1) 0.3 (0.1, 0.8)
No nearby paths or trails and no sidewalks or sidewalks are in poor 3.0(2.8,3.3) 3.1(2.8,3.4) 3.1 (2.7, 3.5) 1.9 (1.2, 2.9
condition
No nearby paths or trails and no nearby parks 2.0(1.8,2.2) 2.2 (2.0, 2.5) 1.6 (1.4, 2.0) 0.9 (0.5, 1.6)
No sidewalks or sidewalks are in poor condition and no nearby parks 0.4 (0.3, 0.5) 0.4 (0.3, 0.5) 0.3 (0.2, 0.5) 0.1 (0.0, 0.5)
No nearby paths or trails, no sidewalks or sidewalks are in poor 4.0 (3.7, 4.3) 4.7 (4.4, 5.1) 2.8 (2.4,3.2) 0.5(0.2,1.1)
condition, and no nearby parks
None reported 77.9 (76.6, 77.3 (75.7, 78.8) 78.9 (76.8, 86.0 (81.0, 91.2)
79.1) 80.9)
Safety [% (95% CI)]
Street crossings are unsafe 1.5(1.3,1.7) 1.3 (1.1, 1.5) 2.0 (1.6, 2.3) 1.5 (0.9, 2.5)
Heavy traffic with too many cars 10.3 (9.9, 10.0 (9.5, 10.6) 10.9 (10.2, 11.6 (9.8, 13.7)
10.8) 11.7)
Not enough lighting at night 4.9 (4.6, 5.2) 5.2 (4.8, 5.6) 4.4 (4.0, 5.0) 3.5 (2.6, 4.8)
Street crossings are unsafe and heavy traffic with too many cars 6.2 (5.9, 6.6) 5.5(5.1,5.9) 7.5 (6.9, 8.2) 8.3 (6.8,10.1)
Street crossings are unsafe and not enough lighting at night 1.0 (0.8,1.1) 0.9 (0.8,1.1) 1.0 (0.8,1.3) 0.6 (0.3, 1.2)
Heavy traffic with too many cars and not enough lighting at night 3.3(3.1, 3.6) 3.3(3.0,3.7) 3.3(2.9, 3.8) 2.8(1.9, 3.9)
Street crossings are unsafe, heavy traffic with too many cars, and not 4.6 (4.3, 4.9) 4.6 (4.2, 5.0) 4.7 (4.2, 5.2) 3.8(2.8,5.1)
enough lighting at night
None reported 68.1 (66.9, 69.2 (68.5, 70.8) 66.3 (64.1, 68.0 (62.8, 73.4)
69.4) 68.3)
Barriers to bicycling (composite measure) [% (95% CI)]
Infrastructure 22.1 (21.5, 22.7 (22.0, 23.5) 21.1 (20.1, 14.0 (12.0, 16.2)
22.7) 22.1)
Safety 31.9 (31.2, 30.9 (30.0, 31.7) 33.7 (32.6, 32.0 (29.3, 34.9)
32.6) 34.9)
Infrastructure and safety 16.1 (15.6, 16.4 (15.8,17.1) 15.6 (14.8, 11.0 (9.3,13.1)
16.7) 16.5)
No reported barriers 62.1 (61.4, 62.9 (62.0, 63.7) 60.8 (59.6, 65.1 (62.1, 67.9)
62.8) 61.9)

@ Not mutually exclusive from the multi-use bicyclists; employed participants that did not work from home and indicated that they reached their
primary job via bicycle.



environment. This may help explain the findings in this study.

4.1. Limitations

The infrastructure queried in the 2017 NHTS was not specific to bicycling — the same questions were asked for both walking and
bicycling. This could in part explain why infrastructure barriers were less commonly reported; bicyclists may not consider lack of
access to sidewalks and parks as prohibitive of bicycling, for example, but other more bicycle-specific infrastructure such as bicycle
lanes and traffic calming may be more relevant to bicycling frequency. These data represent US adults who rode a bicycle in the past
week. Results may differ for individuals who ride a bicycle less frequently, or do not ride a bicycle at all. Frequency of bicycling within
the past week was not examined in this study, which may have confounded the findings. Frequency of bicycling was not available for
commuter bicyclists. Further, information on bicycling experience, such as how many years a person has been bicycling for a particular
purpose, was not assessed and may have also confounded the findings. More experienced bicyclists may perceive or identify different
barriers from those with less experience (Manaugh et al., 2017).

4.2. Future work

To address these limitations, we propose actions that would help researchers and practitioners assess barriers to bicycling across
different domains, for both those who are bicyclists and those who are not. We specifically propose that in future iterations of the NHTS
survey, questions are designed that specifically assess barriers to bicycling separate from barriers to walking. We further suggest that
bicycling barriers are asked to both those who rode a bicycle in the past week and those who did not. A more representative population
would enable assessment of bicycling obstacles, including safety and infrastructure concerns, across bicyclists and other mode users
while also enabling comparisons across bicycling domains.

5. Conclusions

Heavy traffic and lack of separated paths were the most frequently identified barriers to bicycling more. This assessment did not
identify substantial differences in the perceived obstacles that exercise, multi-use, and commuter bicyclists face, suggesting that
recreational and transportation bicycling differences might be associated with other aspects, such as personal health, socio-economic,
and environmental factors (Xing et al., 2010). Communities wishing to promote bicycling for transportation, recreation, or both,
should consider how changes in the built environment could make bicycling safer. Transportation interventions and policies that aim
to reduce car traffic have the potential to promote bicycling physical activity for US adults.
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