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Introduction: This study provides an evaluation of the impacts of classroom-based
adult bicycle education on bicycling activity, confidence and competency self-
perceptions while bicycling, knowledge of the bicycling rules of the road, and
mode choice in a sample of residents of the San Francisco Bay Area in the US.

Methods: Changes were measured with self-administered surveys completed
before and six weeks after the course intervention. Self-reported data were
validated using objective data collected using the Ride Report app. We used
multivariable regression analyses to examine changes in self-reported data over
time.

Results: Participants reported statistically significant increases in confidence while
bicycling in both traffic and car-free areas, feelings of safety while bicycling in car-
free areas, and knowledge of the rules of the road. While there were significant
changes in the proportion of trips by foot, transit and TNC, there was no change
in the count of trips made by bicycle.

Discussion: Although overall changes in bicycling activity did not change,
participants with initial low confidence increased bicycling activity and feelings
of safety in traffic, compared to participants overall. Classroom-based bicycle
education courses can improve bicycling confidence self-perception and increase
knowledge of the bicycling rules of the road.

KEYWORDS

bicycle education, bicycle skills training, classroom, bicycle activity, bicycle knowledge,
bicycle mode choice, travel surveys, travel behavior

1. Introduction

Shifting short trips from cars to more sustainable modes of transportation has been a goal
of urban transportation planners in order to reduce emissions that contribute to the climate
crisis. For example, the Caltrans Active Transportation plan identifies active transportation
as playing “a vital role in California’s goal to reduce (greenhouse gas) emissions and (vehicle
miles traveled [VMT])” and continues: “Walking and bicycling also have many positive
benefits associated with personal health, economic benefits, and sustainable and equitable
development” (Caltrans, 2017). However, progress toward that goal is mixed. A study by Le
et al. (2019) found bicycle use in the US has been increasing by 5 to 6 percent annually, but
this rate of change was higher than was measured in the American Community Survey (ACS)
between 2009-2017. In the San Francisco (SF) Bay Area, Caltrans District 4 had established
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a target to triple bicycling by 2020 from a 2010-12 baseline of 1.5
percent (Caltrans District 4, 2018); however, as of the 2021 ACS,
bicycle commute mode share was between 0 and 2 percent for Bay
Area counties.

Despite the renewed policy interest in bicycling, safety remains
a concern. Dill and McNeil (2016) report that 60 percent of
participants in a US nationally-representative survey reported
being interested in bicycling, with fear of traffic among the top
barriers to bicycling among non-users, a result that mirrors earlier
national findings (US Department of Transportation Bureau of
Transportation Statistics, 2003), as well as local findings in Oakland
and Berkeley, CA (EMC Research, 2017).

Education is included as one of several strategies to improve
safety and promote bicycle use in bicycle and active transportation
plans across the SF Bay Area region (SF Municipal Transportation
Agency, 2013; City of Berkeley, 2017; City of Pleasanton, 2018; City
of Oakland Department of Transportation, 2019; City of Alameda,
2022).

Classroom-based courses teach rules of the road, bicycling best
practices, and theoretical techniques and skills, while on-bicycle
courses encourage participants to practice basic and advanced
bicycle handling skills with and without traffic (League of American
Bicyclists, 2018). Bicycle education training has been suggested as a
way to “overcome skill, knowledge and confidence related barriers
to cycling” (Rissel and Watkins, 2014) and has also been touted as a
solution to increase bicycling rates (Johnson and Margolis, 2013) or
increase “participant frequency and duration of cycling...for leisure
or commuter cycling” (Telfer et al., 2006). Compared to building
infrastructure, bicycle safety training can be a more cost-efficient
measure to achieve these goals (Johnson and Margolis, 2013).

However, there is a lack of robust evidence suggesting that
education classes increase riding frequency and safe riding habits
(Carlin et al., 1998; Karsch et al., 2012). Existing research on the
effects of adult bicycle education is predominantly limited to on-
bicycle interventions; a comprehensive review of these studies and
their outcomes can be found in Sersli et al. (2019). In summary,
those studies have found a general increase in bicycling frequency
and duration (Johnson and Margolis, 2013; Kloof et al., 2014; Rissel
and Watkins, 2014; Transport for London, 2016; Schneider et al.,
2018), an increase in overall physical activity (Telfer et al., 20065
Johnson and Margolis, 2013; Rissel and Watkins, 2014), mixed
results about change in bicycle ownership (Johnson and Margolis,
2013; Kloof et al., 2014; Transport for London, 2016), and an
increase in feelings of confidence, safety, and knowledge (Telfer
et al., 2006; Zander et al., 2013; Kloof et al., 2014; Rissel and
Watkins, 2014; Transport for London, 2016). A study focused on a
combination of classroom-based and on-bicycle instruction found
no lasting increases in bicycling among participants or effect of the
program on confidence (Sersli et al., 2019).

By contrast, classroom-based bicycle education studies in youth
have focused on changes in knowledge. A review concluded “there
is a paucity of high quality research in the area of bicycle skills
training programmes” (Richmond et al., 2014) and another states
“there are few published studies of bicycle skills training, and
little evidence is available to demonstrate whether such training
does encourage more bicycling” (Sersli et al., 2018). While a
variety of research has been done on both children and adults
for many different types of bicycle education around outcomes
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such as change in skill, riding frequency, purpose (bicycling to
school or work), knowledge, confidence, rate of injury, and bicycle
ownership levels, to our knowledge no research examines the
effect of classroom-based (off-bicycle) bicycle safety education on
changes in travel behavior in adults.

Understanding the impact of classroom educational programs
is important so decision-makers can understand the effectiveness
of bicycle safety education, its usefulness to increase safety
and demand, and its role in a multidimensional approach to
improve active transportation and mobility. It also supports
common local goals of reducing VMT by increasing the
understanding around the role of bicycle safety education on
mode shift and VMT reduction. Specifically, we address the extant
empirical gaps such as the paucity of studies of classroom-based
bicycling education among adults, and the limited understanding
of their impact in riding confidence, riding behavior, and
mode choice.

Next, we describe the study methodology, followed by
results and a discussion of the implications. We end the report
discussing our main findings considering the existing literature
and note implications for cities and states seeking to fund bicycle
safety education programs as strategies to increase bicycle mode
share as well as to complement efforts to expand bicycling
infrastructure.

2. Materials and methods

We used a quasi-experimental, pre-test post-test research
design to examine whether an in-classroom bicycle education
course increases the self-reported riding frequency of existing and
new riders; their confidence, perceived safety, and knowledge;
use of a bicycle; the proportion of people that use a bicycle for
everyday trips; and bicycle ownership. In addition, we examined
the validity of self-reported bicycle use for a subsample of
participants by comparing self-reports with behavior inferred from
a smartphone app.

Our design exploits the fact that the education course is
implemented over time, which allows a comparison between those
who have taken the course and those who have not taken the course
in that same period. At any point in time, a prospective student
serves as a counterfactual for students that already received the
intervention. The lack of a control group is ameliorated because
future participants who have not been trained act as controls.
The approach is like an interrupted time series design in which
time is measured in student-specific clocks, with seasonal dummy
variables capturing secular trends in bicycling. This approach works
well with interventions delivered at a clearly defined point in time
such as this one and where short-term outcomes are expected
(Bernal et al., 2017).

2.1. Classroom-based bicycling skill- and
knowledge-building intervention
We partnered with two geographically distinct SF Bay Area

bicycle advocacy and education non-profits, one in Alameda
County and another in SF County. Both offer free bicycle education
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courses to anyone interested in learning to ride a bicycle or
how to bicycle more safely and confidently, and offer a similar
menu of adult courses, including: Adult Learn to Ride (teaching
adults how to ride), Traffic Skills (TS) 101-1 (a classroom-
based course designed to teach the basics of traffic skills to
beginning and intermediate riders), and TS 101-2 (an on-bicycle
course designed to teach bicycle handling skills to beginning and
intermediate riders).

The intervention studied was TS 101-1, a two-hour classroom-
based course taught by both non-profits. The course covers
basic rules of the road, equipping a bicycle, helmet fit, avoiding
bicycle theft, bicycling in traffic, handling intersections, and route
planning. All instructors had undergone the same training to
be a certified instructor. Although the intervention had been
implemented in an ongoing manner prior to the start of the study,
researchers began surveying participants who attended classes
between October 2018 and June 2019. Over these 9 months,
31 classes were taught in English in nine cities across the SF
Bay. Classes were offered on weekend afternoons and weekday
evening hours, and were taught in public locations such as libraries,
YMCAs, universities, and churches.

To determine the appropriate sample size to detect a 15 percent
improvement in riding confidence 80 percent of the time at a 95
percent level of confidence, we relied on past survey data from
one of the non-profits, using the outcome “riding confidence in
traffic.” This metric was produced by former class participants self-
reporting their confidence riding in traffic on a five-point Likert
scale. We estimated we needed 425 participants, including a 50
percent loss to follow-up.

2.2. Outcomes and measurement

2.2.1. Outcomes

All our measured outcomes can be classified into three
domains: bicycle activity; self-efficacy, personal safety and
knowledge; and mode shift (Table 1). We use three sources of data:

1. Current survey data: Our main source of data is a self-reported
survey implemented before and after the intervention. These
data were collected by the research team from October 2018 to
June 2019.

. Pre-study survey data: To augment the sample, we use self-
reported survey data collected both before and after the
intervention but collected prior to the start of the study. These
data were collected via a similar survey instrument by one of
the nonprofit partners from April 2017 to October 2018. Several
questions on the pre-study survey were identical or similar to
questions on the current survey. When data from these surveys
are included in the analysis, we include a dummy variable to
adjust for any systematic differences introduced by the differing
data source.

. Ride Report data: We use Ride Report, a tested and widely-used
smartphone app that measured bicycling activity (https://ride.
report/).

We describe each outcome and data collection instrument next.
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2.2.2. Survey development and implementation

The before and after surveys were designed and harmonized
based on questions from existing surveys used by the nonprofit
partners (demographics; bicycling activity), the International
Physical Activity Questionnaire (bicycling duration) (Craig et al.,
2003), and Barcelona’s TAPAS survey (modal split) (Avila-Palencia
et al, 2017). The surveys also included questions to measure
whether bicycling was being considered as an option, even if
not used, following the stages of change model (Gatersleben and
Appleton, 2007). Questions on station-based and dockless bicycle-
share were included, but questions on dockless e-scooters were not
included because scooters had not debuted at the time the survey
was developed. As helmets are not required for adults over age 18
in California, helmet use was not evaluated. The before and after
surveys are available from the authors upon request.

Participants were recruited using existing practices by the non-
profits, including email newsletters, social media posts, website
information, and word of mouth. Participants who signed up for
the TS 101-1 course were subsequently sent information about
the study from the non-profit partner, including an invitation to
take the before survey via Qualtrics. Participants were offered a $5
gift card for taking the survey. Upon arriving at the course, those
who had not already taken the survey were invited in-person by
a research assistant. Participants could either take the survey on
their personal smartphone or a provided e-tablet. Participants then
attended the bicycle education course.

Approximately 6 weeks after taking the course, participants
were invited to take the after survey (also on Qualtrics) via email
and text message. Participants were incentivized with another $5
gift card for taking the after survey. For ~4 weeks, follow-up emails
and text messages were sent to participants who had not taken
the survey.

2.2.3. Agreement between self-reported and
app-inferred cycling behavior

We partnered with Knock Software, Inc., creator of the
Ride Report app, to collect data on participants’ riding behavior
to examine agreement with self-reported measures of riding
frequency. While the company has since shifted to offer a
shared mobility management platform, Ride Report was initially
a mobile app designed to automatically track bicycling and other
transportation activity. Using machine-learning algorithms that
take advantage of smartphone accelerometers and gyroscopes, Ride
Report automatically detected when users traveled and identified
the transportation mode, including bicycling (Porter and Schwartz,
2018). Ride Report data has also been used to crowdsource
community feedback on bicycling routes (Harvey et al, 2019).
Comparing bicycling data from the app with self-reported bicycling
activity data allows us to examine the quality and validity of the
self-reported data.

After completing the before survey, participants were invited,
via alink provided by the survey team, to download the Ride Report
app to their smartphone. They were offered another $5 gift card for
downloading the app and consenting to share their data with the
study.
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TABLE 1 Outcomes, variables, and data sources.

Domain

Bicycle activity

Outcome

Bicycling frequency

Variables(s)

Percent ridden in last week; riding
purpose in last month

10.3389/frsc.2023.1098473

Source

Current survey data; Ride Report app;
pre-study survey data

Bicycling time

Minutes ridden per week

Current survey data; Ride Report app

Other bicycle activity metrics

Owning a bicycle; using bicycle share;
experience in traffic score from scale

Current survey data; pre-study survey
data

Self-efficacy, personal safety and
knowledge

Self-efficacy in traffic; self-efficacy in
car-free areas

Efficacy score from scale

Current survey data; pre-study survey
data

Safety in traffic; safety in car-free areas

Safety score from scale

Current survey data; pre-study survey
data

Knowledge

Knowledge score from scale

Current survey data; pre—study survey
data

Shift

Modal substitution

% trips by bicycle

Current survey data

Bicycle as modal option

Stages of change score

Current survey data

For those who opted to download the app, Ride Report inferred
data on participants’ bicycling trips, including distance bicycled,
average speed, duration, and start and end time. The Ride Report
team anonymized the trip data except for a key to link the rider
with the survey and shared the data with the UC Berkeley team only
for those participants who consented to share their data. To protect
privacy, no spatial data were provided to the research team.

2.3. Statistical analysis

2.3.1. Accuracy of self-reported bicycling minutes
For after survey data, we compared self-reported riding time
for the past week with the riding time registered by Ride Report
for the same week. For pre-course survey data, however, we were
unable to match the time period of the Ride Report data with the
self-reported data because participants were invited to download
the Ride Report app only after they completed the before survey.
As a result, for the pre-course data we compared average weekly
bicycling time from Ride Report for the entire time period before
the course with the self-reported data on riding time the week
prior to the survey. All comparisons of agreement were conducted
with Pearson correlation coefficients, with higher values denoting
higher agreement. We use the Landis and Koch (1977) criteria to
interpret agreement between self-reported and app-detected riding,
with values of zero indicating no agreement, 0-0.20 indicating
slight agreement, 0.21-0.40 indicating fair agreement, 0.41-0.60
indicating moderate agreement, 0.61-0.80 indication substantial
agreement, and 0.81-1 indicating almost perfect agreement.

2.3.2. Effects of intervention of outcomes

We observe individuals at two different points in time, before
and after the classroom intervention. In terms of the calendar,
those two time points differ across individuals. A participant
may be reporting before bicycling activity for a week in the
spring (before the intervention for them) while another participant
may be reporting after-intervention activity for that same week.
Each individual crosses over to the treated condition once they
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participate in the training. This case crossover design is especially
helpful when individuals are treated at different times (Turner,
2013) and has been used in safety research (Redelmeier et al,
2003; Asbridge et al., 2014; Fraser and Meuleners, 2020). We use
panel regression analysis to estimate the effects of the intervention
on outcomes of interest. Furthermore, there may be systematic
differences, such as secular trends (overall bicycling may increase in
the spring) and/or personal and other attributes that may interact
with the intervention to influence overall outcomes. Analytically,
our approach measured associations of the outcomes (dependent
variables) to participation in the intervention while controlling for
other covariates.

Outcome;; = Bo + +P1 afteriy + B Wiy + B X + B Ti¢ + €i

where outcome refers to the outcome of interest for person i at
time ¢; after ;; is the variable of interest—a dummy variable which
takes value of 1 if the observation is after the course intervention,
or 0 otherwise; Wj; is a time-varying and person-varying vector
of covariates measuring climatic conditions (precipitation and
wind) affecting cycling (more on this below); X; is a vector of
demographic covariates (sex = 1 if male, race/ethnicity = 1 if non-
white, and age at baseline entered as a continuous variable); T;; is a
vector of dummy variables adjusting for the impact of seasonality
on outcomes; and betas are estimated coefficients or vectors of
estimated coefficients. For the seasonality dummy variables, each
observation was assigned one of three seasons based on the week
prior to when the survey was completed (spring = March through
May; summer = June through October; winter is the reference
category). The functional form of the equation estimated depends
on the outcome and were either logistic regression for binary
variables or negative binomial regression or zero-inflated negative
binomial regression for counts.

In addition, as discussed previously, for observations that were
collected from the pre-study survey, we include a dummy variable,
a fixed effect to adjust for systematic differences associated with
the two different data sources. It was outside the scope of this
study to consider participants’ individual travel patterns, so the
availability and quality of participants’ nearby street network for
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cycling is not addressed in the model, though it may interact with
the intervention.

2.3.3. Measuring precipitation and wind

Atmospheric conditions may affect one’s decision to ride a
bicycle (Flynn et al, 2012). Due to the temperate nature of the San
Francisco Bay Area, we adjusted for precipitation and wind speed.
Hourly weather data from the National Oceanic and Atmospheric
Administration’s Local Climatological Data online map tool were
collected from nine Bay Area weather stations for all dates between
January 1, 2017 and July 15, 2019. We focused on precipitation
and wind speed for commuting hours (9am to 7pm) to account for
riders’ decision to either bicycle to work/school or bicycle home.
We used data from the weather station closest to each participant’s
reported home address, home zip code or, if these were unavailable,
class location. Two continuous variables between zero and seven
were calculated for each participant, one for precipitation and one
for wind, counting the number of days in the week prior to the self-
reported survey in which precipitation or wind exceeded a given
threshold. Thresholds used were any precipitation and the 90th
percentile of observed wind speed in the sample days.

2.3.4. Relevance of the course intervention for
specific subgroups

It is possible that specific subgroups (e.g., older or
inexperienced riders) are more or less sensitive to the intervention.
Although our study was not powered to detect these possible
subgroup effects, we performed additional analyses to explore
these. This was achieved by including an interaction term between
the variable describing the subgroup of interest and the after
variable in the regression model. The subgroups tested included
age, race/ethnicity, sex, baseline confidence in traffic, and baseline
safety in traffic. Baseline confidence and safety were used to
identify inexperienced riders, as those who reported high feelings
of confidence and safety were likely to be more experienced
bicycle riders.

2.4. Robustness checks and sensitivity
analyses

A concern with the study is that only individuals interested in
improving their skills and safety will sign up for the class. This self-
selected group of individuals is likely to be different from the rest
of the population. We mitigate this concern by using a subsample
of participants who (1) received a traffic citation due to a bicycle
moving violation and are allowed to go through the training course
instead of paying a fine (this option is only possible in the city of
Berkeley, as no other jurisdiction has adopted this policy), or (2)
attended the class to chaperone their child for whom the class was
a prerequisite of attending “Bike Camp” over the summer. These
two sets of individuals attended the class because of an exogenous
requirement (addressing a ticket or child training) allowing us to
compare their outcomes to all others who self-selected into the
class, although clearly they are interested in bicycling.
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In addition, we examined the sensitivity of our results to our
thresholds of the atmospheric variables, precipitation and wind.
We tested the 95th percentile of precipitation for the sampled
day and the 75th percentile for wind in the sampled day. We
included each new variable individually, and then together in the
statistical models.

Finally, we ran another model including a dummy variable
summarizing which nonprofit taught the course to determine
if there were systematic differences. These differences could be
the result of how the course is taught, the instructor, different
recruitment methods, and differing riding conditions in each
geographic location.

The study was approved by the Institutional Review Board at
the University of California, Berkeley.

3. Results

3.1. Participant sample description

Approximately 250 adults attended a bicycle education course
during the current study recruitment period, although exact
numbers are unknown due to missing attendance records. Of that
number, we recruited 182 participants (~72 percent participation
rate) of which 113 completed both the before and after surveys.
The remaining 69 were lost to follow-up and only completed the
before survey (40 percent attrition rate). As discussed, to increase
our sample size, we used additional before and after data from
a pre-study survey distributed by one of the nonprofit partners.
Of the 201 participants in the pre-study survey, 45 participants
completed both the before and after surveys (~78 percent attrition
rate). As a result, the total sample of participants with before data
only (no after data) was 383 and the total sample of participants
with before and after data was 158. In the following summaries of
participant characteristics, we stratify the results by current study
and pre-study survey data.

Comparisons between the sociodemographic characteristics
of both current study and pre-study participants and census
data suggest that women and non-Hispanic White and Asian
participants are overrepresented in our sample, whereas Black and
Hispanic participants are underrepresented (Table 2). This means
that members of these groups are more (or less) likely to take bicycle
education than would be expected based on the population. Of
the participants who took a before survey, a higher proportion are
women than the total population, and nearly double the number
of women currently bicycling. Older participants were less likely to
be lost to attrition from the before to the after survey. Participants
were mostly taught by the non-profit serving Alameda County
(60 percent vs. 40 percent for San Francisco County, Table 2).
Comparisons are made to county totals for simplicity even though
participants may not live in the county in which they attend a
bicycle education course.

There are differences in  select

some demographic

characteristics and baseline behaviors between those who
completed the before and after surveys and those lost to follow up.
In terms of demographics, younger, white participants, those filling
out the pre-study survey, and those who took the training with

Bike East Bay were more likely to be lost to follow up (results not
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+Taxicab, motorcycle, bicycle or other means.
*n = 380; *n = 141; “n = 157; **n = 94.

Total sample and before and after sample are listed by county in which the course took place. Individual participants may reside in a different county. Both include data from the current study survey and pre-study survey.

Source: Population data from 2017 ACS 5-year estimates for Alameda County, CA and San Francisco County, CA. Universe: Total population. Age: Table S0101. Sex: Table B01001. Race/ethnicity: Table B03002. Bicycling population data from 2017 ACS 5-year

estimates for Alameda County, CA and San Francisco County, CA. Universe: Workers 16 years and over. Age: Table B08103. Sex: Table B08006. Race: Extrapolated from Tables B08103, B08105B, B08105D, B08105H, and B08105I.
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shown). There are no statistically significant differences for gender,
prior bicycling experience or the self-reported percent of trips
taken by bicycle between those who were lost to follow-up and
those who remained in the sample. In terms of study outcomes,
differences in self-efficacy, personal safety, and knowledge between
current study participants who completed the before and after
surveys and those lost to attrition tend to be small (Table 3). For
participants in the pre-study survey, those who completed the
before and after surveys have more pronounced differences in
bicycling activity and bicycling self-efficacy compared to those lost
to follow-up.

Participants who completed both surveys (either current or
pre-study population) were more likely to bicycle for commuting,
exercise, errands (current survey only), other destinations and
exercise (pre-study survey only) than those who only took the
before survey. Before and after participants in the pre-study survey
were more likely to own a bicycle than before-only participants in
the pre-study survey.

Participants who completed both the before and after surveys
(current survey only) were more likely to report high levels of
experience in traffic (4 or 5 on a 5-point Likert scale, with 1 =
“Inexperienced” and 5 = “Very experienced”). Participants who
completed the current before and after surveys were more likely
to have high feelings of confidence (4 or 5 on a 5-point Likert scale,
with 1 = “Not confident” and 5 = “Very confident”) and safety (4 or
5 on a 5-point Likert scale, with 1 = “Not safe” and 5 = “Very safe”)
in a car-free area than those who only took the before survey, but
were less likely to feel highly confident or safe in traffic. However,
participants from the pre-study survey who took both surveys were
more likely to feel highly confident in traffic, less likely to feel highly
safe in traffic, and less likely to feel highly confident or safe in a
car-free area than those who only took the pre-study before survey.
Both before and after samples were less likely to report high levels
of knowledge of the bicycling rules of the road (4 or 5 on a 5-
point Likert scale, with 1 = “Poor” and 5 = “Excellent”) than the
respective populations who only took the before survey.

The population that responded to both surveys was more
likely to travel by foot, car or transit, and was more likely to
consider choosing a bicycle for their transportation mode than the
total sample.

3.2. Accuracy of self-reported bicycling
activity

Pearson correlations were used to assess agreement between
self-reported bicycling minutes and Ride Report-observed minutes.
Although the sample was small (n = 14), there was almost perfect
agreement between self-reported minutes on the after survey and
the corresponding minutes observed on Ride Report (r = 0.9474,
p < 0.00). This indicates that the self-reported data agrees highly
with the objectively measured data.

For the before survey, there was moderate agreement between
self-reported riding minutes the week prior to the survey and the
average weekly riding minutes after the survey (but before the
course) (r = 0.4564, p < 0.136; n = 12) though the results are
not statistically significant. When a single outlying observation
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TABLE 3 Baseline bicycle activity; self-efficacy, personal safety and knowledge; and modal split.

Total sample

Before and after sample

S21310) 219BUIRISNS Ul SI313U044

L0

640°UISI2IUOIY

Current Pre-study Current Pre-study
survey survey

Rode in week prior (%) 48.35 182 4428 201 47.79 113 51.11 45

Days rode in past week 1.69 182 1.33 201 1.62 113 1.47 45

Minutes rode in past week 102.71 182 - - 90.74 113 - -
Rode in month prior (%) 67.58 182 64.18 201 69.03 113 73.33 45
In last month, rode

For work/school (%) 28.02 182 29.35 201 28.32 113 35.60 45

For errands (%) 28.02 182 23.38 201 30.97 113 22.20 45

To/from transit (%) 15.93 182 - - 15.93 113 - -

To another destination (%) 2143 182 1.49 201 23.01 113 4.40 45

For exercise (%) 30.77 182 31.34 201 30.09 113 33.30 45

For fun/recreation (%) 35.16 182 38.81 201 32.74 113 37.80 45
Own bicycle (%) 81.32 182 68.66 201 80.53 113 80.00 45
High experience in traffic (%) 33.52 182 - - 34.51 113 - -
High confidence in
Traffic (%) 32.42 182 11.73 179 29.20 113 15.00 40
Car-free area (%) 83.52 182 72.19 187 84.07 113 61.90 42
High safety in

Traffic (%) 14.44 180 6.74 178 11.61 112 5.40 37

Car-free area (%) 83.98 181 82.70 185 84.82 112 78.60 42
High rules of the road knowledge (%) 4121 182 19.07 194 40.71 113 18.60 43
In past week

Walking trips (%) 31.98 182 - - 32.38 113 - -

Bicycling trips (%) 12.99 182 - - 12.60 113 - -

Driving trips (%) 34.49 182 - - 35.00 113 - -

Transit trips (%) 0.40 182 - - 0.56 113 - -

TNC trips (%) 20.07 182 - . 19.35 113 = .
Considered riding a bicycle but didn’t (%) 48.35 182 - - 53.10 113 - -
High frequency of considering bicycling (%) 10.44 - - 13.27 - -
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was removed, the correlation indicated substantial agreement (r =
0.7344, p < 0.01; n = 11), which suggests that observations of past
bicycling behavior agree well with self-report data, even if the dates
do not match exactly.

3.3. Overall impacts of bicycle course

Because the courses were taught at different points in time, we
compared behaviors of those who have taken the course relative
to those who have not taken the course in that same period.
In the next subsections we report estimated changes due to the
course for our three main outcome categories: bicycling activity;
self-efficacy, personal safety, and knowledge; and travel mode. We
report average marginal effects, which indicate a change in the
outcome (probability or count) after the course compared to before
the course, while adjusting for individual characteristics, weather
conditions, and season. Because our sample includes participants
who were lost to follow up (and therefore only have before data),
we also included a dummy variable to identify them. We also
estimated all models without this subgroup (results not shown) and
effect sizes and statistical significance remain very similar to those
reported next.

3.3.1. Changes in bicycle activity

We see little evidence of increased bicycling activity after the
course (Table 4). Most differences between the before and after
surveys are not statistically significant, though the sign of the
coefficient is positive. Although there was no evidence of increased
experience bicycling in traffic, there was an increased probability
of 11 percentage points (p = 0.1) of reporting high experience in
traffic in a regression model without controlling for socioeconomic
characteristics or weather variables (data not shown). Looking at
bicycling purpose, the probability of bicycling for fun or recreation
was 13 percent higher (p < 0.05).

Changes in bicycle activity can also be visualized by estimating
the average marginal effect of the course. These are model-
estimated values for specific participant characteristics and riding
conditions (non-white, non-male, at median age taking the class
in the winter, with median wind and precipitation). The effects
are displayed for overall bicycling activity (Figure 1), which shows
that, while not statistically significant, participants reported an
increase in bicycling, bike ownership, and experience in traffic. The
effects are also displayed for bicycling purpose in the past month
(Figure 2) and show that participants were less likely to ride to or
from transit (p < 0.01) and more likely to ride for fun (p < 0.05).
While not statistically significant, participants reported an increase
in bicycling on their commutes, for errands, and for exercise.

3.3.2. Changes in self-efficacy, personal safety,
and knowledge

Across all measures of self-efficacy, personal safety, and
knowledge, we find significant increases among participants. The
probability of reporting high confidence bicycling in traffic or car-
free areas increased by 11 percent (p < 0.05) and 12 percent (p
< 0.01) after the course, respectively. The probability of reporting
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high feelings of safety in traffic or car-free areas increased by
8 percent (p < 0.1) and 9 percent (p < 0.05) after the course,
respectively. The probability of reporting high knowledge of rules
of the road increased by 46 percent (p < 0.01). Visualizing these
changes using estimated average marginal effects before and after
the intervention shows the overall effects of the intervention on
personal safety, self-efficacy and knowledge (Figure 3).

3.3.3. Changes in travel modes

The before and after surveys asked participants to list how
many trips they made in the past week by foot, bicycle, car, public
transportation, and rideshare service, with the goal of answering
the research question: Do bicycle education classes increase bicycle
mode share and/or cause mode shift toward bicycling? While there
were significant changes in the proportion of trips by foot, transit
and TNC, there was no change in the count of trips made by bicycle
(Table 4).

3.3.4. Are there differences in effects by
subgroups?

To examine whether subgroups of participants benefited more
or less from the course, we examined the effect modification of
a subset of participant demographic characteristics (male, non-
white, and age) and self-reported confidence and safety perceptions
riding in traffic at baseline (before the intervention). As described
in the Materials and Methods section, this involves including an
interaction term between the moderating variable and the course,
as well as main effect for the moderating variable.

In terms of participant demographics, older individuals
benefited less from the course than younger participants for self-
reported confidence in traffic and self-reported knowledge of the
rules of the road. Figures 4, 5 show by age how participants self-
reported confidence riding in traffic and knowledge of the rules
of the road before and after the course. The effect is higher
for younger individuals but begins decreasing as participant age
increases. The effect of the intervention for non-males (women and
genderqueer participants) was higher for minutes bicycled in the
past week, outcomes related to transit use, and feelings of safety and
confidence in traffic, relative to males (results not shown). Finally,
non-white participants increased their minutes bicycled and were
less likely to use TNC:s after the intervention (results not shown).

In terms of confidence in traffic, we found that participants with
lower confidence at baseline (pre-course) benefited more from the
course than participants with higher confidence. Their change in
minutes bicycled, riding for exercise, and in perceived safety riding
in traffic was higher. Figures 6, 7 show how participants reported
minutes bicycled and perceived safety riding in traffic before and
after the course as base confidence in traffic ranges from 1 (low) to
4+ (high). This means that the educational intervention examined
was most beneficial for participants with low confidence riding in
traffic. Participants with low baseline safety in riding were more
likely to drive after the course (results not shown).
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TABLE 4 Estimated average marginal effects of bicycle education class (95% confidence interval) by outcome.

N Marginal effect? 95% ClI

Rode in week prior (yes = 1) 541 0.04 (—0.07, 0.14)

Days rode in past week (count) 541 0.16 (—0.29, 0.61)

Minutes rode in past week (count) 295 23.74 (—27.91,75.38)
Rode in month prior (yes = 1) 541 0.03 (—0.07,0.13)
In last month

Rode for work/school (yes = 1) 541 0.04 (—0.06, 0.14)

Rode for errands (yes = 1) 541 0.01 (—0.08, 0.10)

Rode to/from transit (yes = 1) - - -

Rode to another destination (yes = 1) 541 0.01 (—0.06, 0.07)

Rode for exercise (yes = 1) 541 0.04 (—0.07,0.14)

Rode for fun/recreation (yes = 1) 541 0.13 (0.02, 0.24)**
Own bicycle (yes = 1) 541 0.04 (—0.06, 0.13)
Experienced bicycling in traffic (yes = 1) 295 0.08 (—0.04,0.21)
High confidence while riding in
Traffic (yes = 1) 516 0.11 (0.01,0.21)**
Car-free area (yes = 1) 526 0.12 (0.04, 0.19)***
High feeling of safety when riding in

Traffic (yes = 1) 510 0.08 (—0.01, 0.16)*

Car-free area (yes = 1) 522 0.09 (0.02, 0.15)**
High knowledge level of rules of the road (yes = 1) 534 0.46 (0.37, 0.56)**
Count of all trips taken in past week by

Walking 295 —-1.16 (—1.98, —0.35)**

Bicycling 295 0.28 (—0.83,1.38)

Driving 295 0.17 (—1.45, 1.80)

Transit 295 2.33 (1.38, 3.29)*

TNC 295 —2.08 (—2.93, —1.22)%**
Considered riding a bicycle but didn’t (yes = 1) 295 —0.09 (—0.23,0.04)
Frequency of considering riding a bicycle but didn't 295 —0.03 (—0.11, 0.05)

All regression models adjust for age, gender (male = 1), race/ethnicity (non-white = 1), any precipitation during the prior week, wind (=1 if > 90" percentile), season, before/after survey

status, and source of data (current or pre-study, as applicable).

*, 1%, Indicate statistical significance at 90, 95, and 99% levels of confidence, respectively. Results for “rode to/from transit” not shown because none of the participants reported bicycling to

transit in the after survey.

*For binary outcomes (yes = 1), marginal effects are for logistic regression model and represent a change in the probability of the outcome. For proportion outcomes and count outcomes (days,

minutes), marginal effects are for negative binomial part of a zero-inflation negative binomial model and represent a change in the number of trips by each mode.

3.4. Checking the robustness of our
analyses

We mitigate concerns of using a self-selected pool of
participants by comparing people who received a ticket while
bicycling and parents accompanying their children to a mandatory
class in order attend summer camp to other participants. In no
instances did inclusion of the ticket-receivers and camp parents
variable change the intervention coeflicient and its significance
(results not shown). The variable was significant for six outcomes,
however. This group is significantly more likely to have bicycled
in the past week, bicycled to errands in the past month, have a
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high confidence bicycling in traffic, have high rules of the road
knowledge, drive a car for transportation, and is less likely to walk
as a mode of transport (results not shown). An analysis of the
interaction between this group and after results in no difference
in outcome between this group and the study population (results
not shown). This suggests that this group may not be different
enough from the study population to understand the effects of
self-selection. Those in the class for receiving a ticket were already
bicycling when they were cited, so they may not gain much from the
class. Those whose children were attending “Bike Camp” may have
signed up their kids because the parents are enthusiastic bicycle
riders themselves.
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FIGURE 1
Estimated average marginal effects of bicycle education class on bicycling activity. Estimated for nonwhite, non-male, median age participant who
took both before and after surveys taking the class in the winter during the current study and riding during periods of median wind and precipitation.
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Estimated average marginal effects of bicycle education class on bicycling purpose in last month. ™ and
99% levels of confidence, respectively. Estimated for nonwhite, non-male, median age participant who took both before and after surveys taking the
class in the winter during the current study and riding during periods of median wind and precipitation.
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A sensitivity analysis understanding the effects of how weather
was measured involved separately changing the precipitation
variable to be more stringent (from any precipitation to
precipitation at the 95th percentile or above) and the wind variable
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to be less stringent (from wind at or above the 90th percentile
to wind at or above the 75th percentile) and examining whether
the estimated effects of the course changed for the outcomes. The
sign of every intervention coeflicient and its significance remained
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Estimated average marginal effects of bicycle education class on self-efficacy, personal safety, and knowledge. ™ and *** indicate statistical
significance at 95% and 99% levels of confidence, respectively. Estimated for nonwhite, non-male, median age participant who took both before and
after surveys taking the class in the winter during the current study and riding during periods of median wind and precipitation.
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FIGURE 4

Self-reported high confidence in traffic by age (gray areas represent 95% confidence intervals).

unchanged (results not shown). Of note, the significance and
direction of the precipitation and wind coefficients changed in
some models, with both improved and worse model fit resulting
from the changes to these weather variables. When changing the
wind variable, five of eight significance changes indicated better
model fit, while three of five significance changes after changing
the precipitation variable indicated worse model fit as judged
by likelihood ratio information criteria. When changing both
variables, the changes were again nearly evenly split, with three

Frontiersin Sustainable Cities

of five changes to coefficient significance indicating worse model
fit. This suggests that more research is necessary to determine
both the appropriate wind and precipitation thresholds that
influence cycling behavior, and perhaps other measurements of
environmental factors that may influence this behavior.

When examining whether the nonprofit that delivered the
course had an impact on the estimated effects, we found no
differences in the estimated effects (results not shown). This is
positive and suggests that bicycle education classes can be delivered
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Self-reported high knowledge of the bicycling rules of the road by age (gray areas represent 95% confidence intervals).
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FIGURE 6

Self-reported minutes bicycled in past week by pre-course confidence riding in traffic (gray areas represent 95% confidence intervals).

differently (for example a single staff member like in one non-
profit, presumably increasing the fidelity of the intervention, or
by different volunteer instructors like in the other non-profit)
and this does not have an impact on the outcomes. However,
we did see some geographic differences within the participant
population. Individuals taught in San Francisco have a higher
probability of riding to work/school, for errands, or for another
destination than individuals taught in the East Bay. This may
be related to the geography of San Francisco. The San Francisco
participants also have a lower probability of being highly confident
riding in a car-free area, perhaps because bicycling paths and trails
in San Francisco are limited, and a lower probability of owning
a bicycle.

Frontiersin Sustainable Cities

4. Discussion

4.1. Implications

This study aimed to understand the effect of a two-hour,
classroom-based bicycle training course on participants’ bicycle
activity; self-efficacy, personal safety and knowledge; and travel
mode choice.

Most notably, people who reported initially feeling low
confidence bicycling in traffic did report increased bicycle activity
on two metrics: minutes bicycled in the past week and bicycling for
exercise. This suggests that the course encouraged people to bicycle
who would not have attempted it prior to taking the class, such as
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FIGURE 7
Self-reported feeling of safety in traffic by pre-course confidence riding in traffic (gray areas represent 95% confidence intervals).

women, who were more likely to report low confidence bicyclingin et al,, 2008). Women are also more likely to assume traditional
traffic prior to taking the course. gender roles including childcare, cooking and housework that may
The classroom-based bicycle education course examined in this ~ not be conducive to bicycling (Prati, 2018). Content in the courses
study is the first of two courses; the second course is an on-bicycle  that discuss specifically how to ride safely on on-road bicycle
class that lasts between 4 and 6 h. The increased confidence, feelings  infrastructure or how to bicycle with a family may support more
of safety and knowledge may encourage participants to sign up for ~ women riding.
the on-bicycle class. Based on prior results of studies of on-bicycle Beyond gender, both Black and Hispanic class participation is
classes (Johnson and Margolis, 2013; Zander et al., 2013; Kloof  lower than the general population and the bicycling population.
et al,, 2014; Transport for London, 2016; Schneider et al, 2018),  This may be due to a variety of factors. First, though the classes are
participants who take the on-bicycle class may eventually bicycle  held across the Bay Area, only a few were held in neighborhoods
more frequently. with high proportions of Black and Hispanic residents. Although
Additionally, the classroom-based course is significantly less  many people travel to the classes (some participants came to classes
expensive for the non-profit partners to implement (a two-hour  from cities in other counties, for example), it could be expected that
classroom-based course can be provided for ~$200; a six-hour on-  most would be more likely to attend a class in their neighborhood.
bicycle course would cost ~$1,500), suggesting that even alow-cost ~ Second, when one member of the research team went to survey at
investment in bicycle education can result in benefits. a class in a predominately Black neighborhood of East Oakland,
The results for travel mode choice show no change in the  participants of color were distrustful of UC Berkeley and did not
proportion of trips taken by bicycle. This suggests that alone, a  feel comfortable filling out the survey because it would require
two-hour classroom course on bicycling safety is not sufficient to  providing identifying information. Third, the current methods of
encourage mode change. Indeed, researchers struggle to identify  recruitment for the classes rely heavily on electronic forms of
how best to change transportation behavior. A review of research ~ communication (email, website, social media). This may exclude
into the effects of built environment infrastructural changes, for ~ people without access to a computer or smartphone. Research
example, on walking and bicycling behavior change found mixed  shows that Mexican-Americans and Black people are less likely
results (Stappers et al., 2018). to own a computer and have Internet access compared to White
It is also of note that the demographics of the classes differ from  families. This is not due entirely to income; income differences
both the general population and the population that commutes to  explain between 10 and 30 percent of the access gap (Fairlie, 2014).
work by bicycle. The proportion of women that takes the classes Our study has important limitations to acknowledge. First,
is nearly double the bicycling population, and over ten percentage  although we aimed for 225 participants total (450 with 50 percent
points higher than the general population. This could indicate that  attrition), we had 113 participants who took both surveys alongside
the marketing techniques employed by the non-profit partners are 45 from the pre-study survey for a total of 158 participants. This
better at targeting women or are reaching more women. This could ~ decreased the power of our study to detect associations at the
also indicate that women are interested in bicycling, but the current ~ pre-established levels.
bicycling landscape is not supportive for them to ride. For example, Second, the analysis did not account for external reasons that
research has shown that women are more likely to ride on off-  might cause individuals to bicycle more or less and that can be
road paths compared to roads with no bicycle facilities (Garrard  correlated with study participation, such as injuries. We also did not
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track if the participants took additional bicycle education courses
with the non-profits or elsewhere.

Third, we did not account for the fidelity of the interventions,
such as the fact that different instructors teach the classes. Thus,
even though our estimates are of average effects, it may be that
higher quality instruction yields different outcomes than lower
quality instruction.

Fourth, we originally aimed to understand the effect of the
course on bicycle-share and dockless bicycles. However, the survey
was designed months before dockless bicycle-share companies
began replacing their bicycles with e-scooters. As a result, the
question about dockless bicycle-share were dated as the product
was no longer offered in the area. Additionally, station-based
bicycle-share offerings changed numerous times throughout the
study period. In December 2018, Ford GoBike (now Bay Wheels,
the region’s sole station-based bicycle-share provider) announced
hundreds of additional electric-assist bicycles in San Francisco
and the expansion of e-bicycles to the East Bay. In February
2019, due to popular demand, the number of e-bicycles was
increased by over 1,400 bicycles. In April 2019, Ford GoBike
announced the removal of all e-bicycles due to faulty brakes.
Furthermore, some bicycle-share stations were added in San
Francisco during this time. It is possible that the changes to the
bicycle-share system may have confounded efforts to understand
participants’ usage of bicycle-share. Therefore, we did not report
on these results.

Fifth, as all participants currently bicycle or are interested in
bicycling, we are unable to estimate the effect of the course on the
population at large. One could argue that estimating a population-
level effect is not even appropriate because expecting an entire
population to take such a class would not be feasible or desirable.
The effectiveness of the education program in question may arise
because it allows people with an interest in improving skills to do
so, rather than in spite of it.

The study also has several strengths. First, to our knowledge,
this is the first study undertaken to evaluate solely a classroom-
based bicycle education course (as opposed to an on-bicycle
course), and the thirteenth study to examine the effects of bicycle
education on an adult population. It is also the first study to
examine the connection between bicycle education and travel mode
choice. Second, the study utilized a strong before/after design which
took advantage of different times of intervention delivery to address
concerns around bias and temporal trends.

5. Conclusion

This study is the first to evaluate key impacts of a two-
hour classroom-based bicycle education course on bicycle use;
self-efficacy, personal safety, and knowledge; and travel mode
choice. We found that bicycle education can have a positive
influence on participants’ feelings of confidence and safety while
riding in traffic or in car-free areas, as well as on knowledge
related to the bicycling rules of the road. Although it is possible
that this increased knowledge and confidence will translate into
actual safety benefits, we did not examine this outcome. This
possibility should be examined in further research. While we
detected changes in bicycling activity among those with initial
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low confidence, we did not detect overall changes in bicycling
use and activity and travel mode shifts. Further research is
needed to understand behavioral change related to transportation
interventions. Finally, this study did not include a spatial
component, i.e., understanding the bicycling context in the home
communities of each participant. Future research may consider the
effects of bicycle education in the context of bicycling activity in
one’s home community.

Due to the cost-effective nature of this type of education,
planners should consider continuing to fund or increasing funding
toward these efforts. Classroom-based bicycle education is a low-
cost way to complement cities Vision Zero and mode shift
goals by encouraging adults to feel safer and more confident
riding a bicycle. By implementing education alongside other
strategies, such as bicycling infrastructure and traffic calming, cities
can take a multi-pronged approach that may help shift people
onto bicycles.
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