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ABSTRACT 

Bicycle and scooter use entails significant safety and health risks. News stories have described 
the reckless behavior of users across the United States with the emergence of micromobility 
options. This paper investigates risky behaviors associated with U.S. bicycle and scooter riding 
adults. Two separate surveys were administered through the Qualtrics platform. Participants 
were asked to rate the severity and frequency of 20 risky behaviors of riders on five Likert 
scales. The risk matrix is built based on the magnitude and frequency of each risk, and ordered 
logistic regression is applied to identify significant factors. Regression analysis revealed that age 
and income are significant factors shared between both survey groups. Education level and living 
in urban areas are two statistically significant factors explaining the different risky behaviors 
with bicycles or scooters. In general, the survey results show that participants perceive there is a 
low risk associated with reckless behaviors. It may imply that they are exposed to fewer 
incidents, or the news media exaggerate the incidents. Further research on other aspects of risk, 
such as network geometry and safety education, would help better understand the underlying 
factors. The findings offer insight for developing new enforcement policies and safety education 
programs to enhance scooter/bicycle sharing programs and provide a safe environment for all 
road users.  
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INTRODUCTION 

Shared micromobility options, such as bike and scooter sharing, are increasingly becoming an 
accessible mode of transportation in many cities and towns across the United States [1]–[4] . 
More than 207 million trips have been made on shared bikes and e-scooters since 2010. Riders 
took 84 million trips in 2018, more than double the number from the previous year, mostly 
because of the emergence of electric scooters [5]. 

City officials have a great interest in promoting sustainable shared micromobility modes for 
health and environmental reasons [6]. However, rider behavior is a recurring theme in public 
debate surrounding the growth of this mode of shared micromobility. In many of these 
discussions, the majority of riders are characterized as displaying lawless attitudes, which are the 
root of individual and public safety concerns associated with riding those vehicles. Many of 
these safety issues are related to unsafe riding behaviors, including, but not limited to, operating 
under the influence of alcohol, maneuvering recklessly, overloading with multiple riders, 
speeding, etc. The danger of risky riding to pedestrians and other road users is amplified in urban 
areas (with high population densities) and nighttime [7], [8]. 

In the United States there were 783 cyclist deaths in 2017, which accounted for 2.1% of all 
traffic fatalities during the year. Of pedal-cyclists who died in motor vehicle crashes in 2017, 
75% were killed in accidents in urban areas [9]. The difference in data collection makes it 
challenging to compare statistics among different types of vehicles. For bike sharing, the average 
collision rate was 4.33 crashes per year among operators with more than 1,000 vehicles and 
fewer for operators with smaller fleets [10]. There are no reliable and consistent data available 
for electric scooters. For example, a pilot study attempted to measure the safety impacts of 
scooter sharing by reviewing reported scooter incidents in Multnomah County, Portland. On 
average, emergency room visits increased from less than one per week before the pilot to 
approximately 10 per week during the pilot period. However, exact numbers are difficult to 
quantify because of missing data related to other types of scooters, such as mopeds and non-
motorized standing scooters. Of the entire sample of scooter-related emergency visits, 83% did 
not involve another mode compared to 13.6% involving a motor vehicle and 2.8% involving a 
pedestrian. Only one collision (0.6%) was reported involving two scooters. These statistics are 
difficult to be validated because the trips were diverted from other modes, such as automobiles, 
buses, or rail, and increased the risk of the individual riders [11]. Heesch et al. (2011) analyzed 
cycling accidents and found that regular cyclists were involved in a relatively high number of 
traffic crashes in Queensland, Australia [12]. While most of the accidents were not serious, the 
number of crashes was more elevated in Australia than in European and Asian nations. In 
Australia, approximately one in 40 road crash deaths were cyclists [13]. Because cyclists 
comprised only 2% of national fatalities and injuries while making less than 1% of all trips, the 
perception that cycling is dangerous is not unfounded [9]. 

Safety involving bike and scooter riders and other road users has been a prevalent topic in 
research and media reports in most countries. Some research described the conflict between 
motorists and cyclists as [14]–[16]. Salmon et al. suggested that such conflict is a long-standing 
problem, and cyclists are 12 times more at risk of death than car drivers [17]. MacMillan et al. 
researched the media’s reporting of cyclist fatalities in London, suggesting media coverage and 
the way they portray various aspects of road behaviors was a relatively vital method of 



2 
 

preventing reckless behaviors or promoting appropriate ones. The number of fatalities covered 
by the Evening Standard, one of London’s major newspapers, has increased tenfold while the 
number of trips has only doubled [18]. Some research suggested that the fear of cars and possible 
accidents are barriers to cycling [18]–[20]. The number of negative representations of cyclists is 
almost double the positive ones; the former includes words like “irresponsible lawbreakers”, 
”pariahs,” and “dangerous to others” and the latter “brave,” “harmless,” and “healthy” [21]. In 
similar research, Bogdanowicz recognized the negative language toward cycling by media, 
which characterized it as a transport mode for “eccentrics” or “tree huggers” [22]. Skinner and 
Rosen noted that the negative language and hostile attitude toward cyclists are much more 
noticeable where cycling is rare [23]. 

The majority of existing studies have been conducted to help engineers and city planners design 
and improve roads and intersections. Researchers asked cyclists to rate their general risk 
perception of a route through a set of videos, surveys, test courses, and simulations. Each 
examined several network geometry and operation-specific factors related to the safety 
perceptions of cyclists [24]–[30]. There has been no systematic study on the interactions between 
cyclists and other road users, particularly in the United States. This implies the need for a more 
comprehensive understanding of what happens when drivers and bicyclists interact. 

Another group of studies investigated the reasons behind risky behaviors and addressed possible 
determinants among different people. Reyna and Farley tried to answer why adolescents may 
seek out risky situations [31]. They found that adolescents, despite conventional wisdom, 
generally overestimate risks. Indeed, after the age of 14, there might be no difference between 
teens and adults concerning the perception of risk [32]. Feenstra et al.  conducted a survey-based 
study to investigate the risky cycling behaviors of adolescents from 13 to 18 years old before 
developing safety education programs [33]. They found that adolescents are capable of 
identifying themselves as risk-takers or not. They suggested shifting the focus of education 
programs from risk perception to decreasing risky attitudes in traffic and promoting a sense of 
responsibility. Shope and Bingham  provided a list of possible determinants to explain why 
young drivers engage in more risky behavior than adult drivers; these include characteristics of 
the behavior, abilities, developmental factors, behavioral factors, and others [34]. 

Despite studies investigating the safety aspects of shared mobility schemes, there is little 
understanding of the perceived risk of reckless behavior from other road users’ perspectives. For 
example, researchers and practitioners do not have much empirical knowledge about how certain 
aspects of risk rank when compared with others, nor do they know much about road users’ fear 
of different types of reckless bike/scooter use. To address this gap, this study explores multiple 
aspects of perceived risk associated with reckless behaviors of bike and scooter riders. This 
paper aims to investigate the overall risk perception of the risky behaviors related to bicycle and 
scooter riders from a general perspective, including perceptions of users and non-users. We are 
also interested in examining the difference in the level of the risks associated with those using 
bicycles versus scooters. We can summarize our contributions in the following three areas: 

• First, we address risky behaviors related to two popular sustainable modes of transportation 
in the United States: scooters and bicycles. 
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• Second, we develop a risk matrix to provide better insight into the magnitude and frequency 
of each risk. We use the ordered logistic regression to analyze the demographics and 
general cycling behaviors and ascertain if there are any significant underlying determinants. 

• Finally, we focus on the risk perceived by the general audience (users and non-users) to 
determine the overall perception. We also provide feedback received from open-ended 
comments about real risks in individual experiences during interactions with scooters or 
bicycles. 

The next two sections of this paper depict the methods, data, and findings, respectively, followed 
by the ordered logistics regression analysis section. Discussion of the variables in the statistical 
models and the limitations of this study are provided. Finally, the conclusion is provided. 

METHODOLOGY 

This study is composed of three parts. First, we explain the survey that was conducted in March 
2019 to capture the risk perception of risky behaviors of riders. Then we build the risk matrix 
from the survey results for further analysis. Finally, we do a statistical analysis of the risk to 
identify significant factors associated with each level of risk. 

Survey 

We designed two separate cross-sectional online self-completed surveys for each vehicle type 
(bikes and scooters) to identify and assess reckless and risky behaviors of bike and scooter riders. 
Each survey has three sections: 

1. Socio-demographics 
2. Risky behavior characterization 
3. General riding behavior 

For risk analysis, the severity and frequency of each factor are asked using a Likert scale. Study 
respondents were first asked to complete a screening question to determine eligibility: 
respondents had to be 18 years old and U.S. residents. Eligible respondents then were asked to 
provide informed consent to complete the survey. Those who provided the informed consent then 
completed a 15-question survey about the significance and frequency of various types of risky 
behaviors associated with riders, overall cycling behaviors, and demographics. Participants who 
did not consent were not allowed to continue to the second part. The North Dakota State 
University Institutional Review Board (IRB) approved the questionnaires. 

Sample Size and Recruitment 

Respondents were recruited from March 1, 2019, to March 15, 2019, by a Qualtrics panel that 
consisted of the following criteria: U.S. residents in different geographic areas (rural, suburban, 
and urban areas) and ages 18-plus. The inclusion/exclusion criteria were the same for both 
surveys. We used the Qualtrics platform for participant recruitment because it is 
demographically and politically representative [35]. Qualtrics checks every IP address and uses a 
sophisticated digital fingerprinting technology to exclude duplication and ensure validity. 
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Participants completed the survey from their own devices. Upon survey completion, a unique 
code was used to redeem an incentive. Qualtrics was paid at a rate of $6 per subject, but the 
actual payment amount from Qualtrics to respondents is unknown to us. As is typical in web-
based survey research, we employed multiple attention checks and quality screens in our 
surveys. Attention checks confirmed that web-based survey respondents were reading questions 
carefully and thoroughly. The Qualtrics panel suggested using the median time to complete the 
survey as the cutoff point to determine whether respondents rushed through the survey, so we 
applied this criterion to the survey as a part of the quality screening. 

According to the 2010 U.S. Census, the United States has a population of 308,745,538; of which, 
76% (234,646,609) are age 18 years and older [36]. For a very large population size, we can use 
the following formula to calculate the sample size for the surveys. 

Sample Size =
Z-score2 × StdDev × (1 − StdDev)

Margin of Error2
 

Considering a 90% confidence level, a 5% margin of error, and a 0.5 standard of deviation, the 
expected sample size is 270. 

Risk Matrix 

We used a risk assessment matrix to conduct a subjective risk assessment in our model. The 
basis for the risk matrix is the definition of risk as a combination of the severity of the 
consequences occurring in a particular accident scenario and its frequency. To build the risk 
matrix, we first categorize and scale the severity and frequency as well as the output risk index. 
The categorization of the severity and frequency depends on the type of activity or the specifics 
of the processes involved. We categorized the frequency and the severity into five groups. This 
provided the basis for constructing the plane matrix with 25 cells, each representing a specific 
risk category. The relationships between all inputs and outputs for a standard risk matrix are 
suggested by the U.S. National Institute of Standards and Technology, as shown in Table 1  [37]. 

Table 1.  Assessment scale 
Likelihood Level of Severity (Impact)     

 Very Low Low Moderate High Very High 

Very High Very Low Low Moderate High Very High 
High Very Low Low Moderate High Very High 
Moderate Very Low Low Moderate Moderate High 
Low Very Low Low Low Low Moderate 
Very Low Very Low Very Low Very Low Low Low 

The application of the risk matrix is simple. After assessing the severity and frequency 
categories, the risk category as one out of five groups (very low, low, moderate, high, very high) 
is specified using the risk matrix. This is the basis for further risk control measures in the next 
section. We are interested in identifying any relationship between the level of risk (as 
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represented in the risk matrix) of each risky behavior listed in Table 2 and explanatory variables 
such as sex, age, income, and others listed in Table 3. 

Perceived Risk Model 

Because the level of the risk, as a dependent variable, is ordinal (more than two categories and 
the value of each group has a meaningful sequential order), we use the ordered logistic 
regression method, also known as the proportional odds model, to investigate the determinants 
that influence ordinary road users’ risk perceptions of the various risky behaviors in the United 
States, as listed in Table 2. Initially, eight explanatory variables were included as categorical 
variables in the perceived risk model, as described in Table 3. 

Table 2.  Dependent variables 
Dependent 
Variables Description 
Y1 Ignoring traffic signals 
Y2 Riding a scooter/bicycle while under the influence 
Y3 Riding at night without lights on 
Y4 Distracted riding, including, but not limited to, talking or texting on 

phones, eating or drinking, or other distracting activities 
Y5 Ignoring stop signs 
Y6 Not yielding to pedestrians 
Y7 Speeding 
Y8 Swerving (riding in a zigzag) 
Y9 Riding on sidewalks 
Y10 Riding against traffic on the roadway 
Y11 Riding the wrong way on a one-way street 
Y12 Stoppie – braking too quickly, resulting in a skid or the rear tire lifting up 
Y13 Wheelie – riding a scooter/bicycle with the front wheel raised off the 

ground 
Y14 Jumping off a curb 
Y15 Passing too closely on either side of vehicles on the road 
Y16 Tailgating – riding too closely behind another vehicle 
Y17 Riding without helmets 
Y18 Riding with under-inflated tires 
Y19 Yelling, or making angry gestures at motorists, cyclists, scooter riders, or 

pedestrians 
Y20 Riding with a passenger 

width=0.75 
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Table 3.  Independent variables 
Independent 
Categorical 
Variables Description Levels (reference case marked with asterisk) 
X1 Age *18-24, 25-34, 35-44, 45-54, 55-64, 65-74, 75 or older 
X2 Sex *Female, male 
X3 Marital 

Status 
*Divorced, married, separated, single, widowed 

X4 Education *Associate degree, bachelor’s degree, graduate degree, 
high school diploma or equivalent, less than a high school 
diploma, some college, no degree 

X5 Employment *Disabled, employed full-time (40+ hours a week), 
employed part-time (less than 40 hours a week), retired, 
self-employed, unemployed (currently looking for work), 
unemployed (not currently looking for work) 

x6 Income *below $10k, $10k – $25k, $25k – $50k, $50k – $75k, 
$75k – $100k, $100k – $125k, $125k – $150k 

X7 Race *Asian American, Black or African American, Middle 
Eastern American (Middle East, North Africa, and the 
Arab world), Native American or Alaska native, Native 
Hawaiian or other Pacific islander, some other race, white 
American 

X8 Region *Rural, suburban, urban 
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RESULTS AND FINDINGS 

Descriptive Analysis 

Considering the initial estimate of 270, after 15 days of recruiting, 749 responses were collected, 
of which 659 (329 of scooters [S] and 330 of bicycles [B]) are valid responses and eligible for 
use in the analysis. A quantitative design allowed for information collected from a large number 
and enabled a comparison between groups, behaviors, and outcomes. Also, some qualitative 
analysis was possible as a result of one open-ended comment box within the questionnaire. 

Data Description 

The percentage of white respondents (72% S and 85% B) is approximately representative of the 
U.S. population (72% white). Black (15% S and 9% B) and Asian (4% S and 3% B) are the next 
two major groups of respondents. The respondents were more than twice as likely to hold a high 
school diploma, followed by some college. 

Responses came from all over the United States with minimal to no responses from a couple of 
states, as seen in Figure 1, including Hawaii and Alaska (not pictured). Using Census regional 
designations, there were 145 responses from suburban areas (44%), 115 responses from urban 
areas (35%), and 69 responses from rural areas (21%) for the scooter survey. The bicycle survey 
generated 180, 79, and 71 responses from suburban, urban, and rural areas, respectively. Most 
respondents were in full-time employment (38% S, and 25% B). Interestingly, from the bicycle 
survey, the second major group with 25% of respondents is retired, while 15% of respondents in 
the scooter survey have a part-time job. 

 
Figure 1.  Distribution of respondents by vehicle type 

Most respondents indicated they were married (47% S, 50% B). A total of 37% in the scooter 
survey and 30% in the bicycle survey indicated they were single. Most respondents earn $25k to 
$50k (over 23% in each survey) annually in both surveys. Respondents in the second major 
group in the scooter survey make $10k to $25k, while in the bicycle survey, most respondents 
make $50k to $75k annually. 
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Dill and McNeil adopted a topology developed by the City of Portland to describe the cycling 
behaviors of adults. It includes four categories:  Strong and the Fearless,” “Enthused and 
Confident,” “Interested but Concerned,” and “No Way No How” [38]. We also adopted the same 
approach but asked participants to describe their riding skills, as indicated in Table 4. 

Table 4.  Riders type by region 
Region Category Scooter Bicycle 
No Way, No How: unwilling to ride even if high-quality 
(bicycle/scooter) infrastructure is available 

Rural 22 28 

 Suburban 32 51 

 Urban 32 22 

 Total 86 101 

Interested but Concerned: willing to ride if high-quality 
(bicycle/scooter) infrastructure is available 

Rural 32 29 

 Suburban 68 87 

 Urban 42 32 

 Total 142 148 

Enthusiastic and Confident: willing to ride if some 
(bicycle/scooter) specific infrastructure is available 

Rural 10 8 

 Suburban 29 33 

 Urban 31 20 

 Total 70 61 

Strong and Fearless: willing to use scooters with limited or 
no (bicycle/scooter) specific infrastructure 

Rural 5 6 

 Suburban 16 9 

 Urban 10 5 

 Total 31 20 

As described in Table 4, in all three distinct geographic areas there is a general trend: most 
respondents (more than 43%) characterize themselves as “interested but concerned,” while the 
“strong and fearless” is the least selected option. This may mainly be due to the recent 
deployment of bike/scooter sharing programs across the United States. The weather might be 
another factor that needs to be included in future research. Interestingly, under the “strong and 
fearless” category, there were almost twice as many respondents who considered themselves as 
“strong and fearless” in riding scooters as there were for bicycles. This may be because of the 
greater ease of getting off a scooter versus a bicycle if there is an impending crash because 
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scooters are usually lighter and more manageable than a bicycle. Surprisingly, the number of 
people who are not willing to ride a bicycle, even with high-quality infrastructure, is more than 
one-fourth of respondents in both cases (scooter and bicycle). 

An analysis of respondents’ bicycle and scooter riding frequency (includes both their own 
bikes/scooters and sharing systems) is illustrated in Figure 2, which shows that 36% of 
respondents never rode a scooter before, while only 3% never rode a bicycle. This might be 
because scooters are unavailable in some regions. Except for the categories “Never” and “More 
than five years ago,” the riding profiles of respondents in both surveys follow the same pattern. 

 
Figure 2.  Bicycle/scooter riding profile 

Based on miles traveled, people rode slightly longer distances with scooters than with bicycles. 
Other than that, scooter and bicycle survey responses follow the same pattern, as presented in 
Tables 5 and 6. These numbers also imply that most people prefer using scooters or bicycles for 
short trips between one and seven miles. Further data analysis was conducted to understand how 
far riders travel by either scooters or bicycles. On average, most trips made by either scooters or 
bicycles take 16 to 30 minutes. For travel times less than five minutes, the percentage of people 
using scooters is almost 5% higher than those who rode bicycles. The flexibility offered by 
dockless scooters might lead to improved accessibility and shorter trip times. 
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Figure 3.  Distribution of responses by risky behaviors (bicycle) 

 
Figure 4.  Distribution of responses by risky behaviors (scooter) 

On average, many respondents perceive lower risk across all risky behaviors listed in the survey. 
However, the distribution of responses of risk is not the same across the two surveys (scooter vs. 
bicycle), as illustrated in Figures 3 and 4. Riding a bike with under-inflated tires and riding a 
scooter without a helmet are perceived as the highest risk activities than any other type of 
behavior. Surprisingly, “riding at night without lights on” and “distracted riding” are perceived 
as lower levels of risk in bicycle and scooter surveys, respectively, and are ranked as the top 
least-risky behaviors by respondents in the two surveys. This might imply that these behaviors 
are least physically possible to occur in the daily commute, which leads to a lower risk level. 
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Table 5.  Traveled time/distance per trip (Bicycle) 
  Time (minutes)        

  0–5 6–15 16–30 31–50 51–75 75 N/A Total 

 1 1.9% 7.7% 3.4% 2.4% 0.5% 0.0% 1.9% 17.8% 

 1–3 0.5% 6.3% 17.3% 10.1% 1.9% 0.5% 0.0% 36.5% 

 4–7 0.0% 1.9% 9.1% 8.7% 4.3% 1.4% 0.0% 25.5% 

 8–12 0.5% 0.0% 0.5% 4.3% 3.4% 0.5% 0.5% 9.6% 

 13 0.0% 0.0% 1% 2.4% 1.4% 1.9% 0.0% 6.7% 

 N/A 1.0% 0.5% 1.0% 0.0% 1.0% 0.5% 0.0% 3.8% 

 Total 3.8% 16.3% 32.2% 27.9% 12.5% 4.8% 2.4% 100.0% 

Table 6.  Traveled time/distance per trip (Scooter) 
  Time (minutes)        

  0–5 6–15 16–30 31–50 51–75 75 N/A Total 

 1 5.9% 5.9% 3.2% 0.5% 0.5% 0.5% 0.0% 16.8% 

 1–3 2.2% 8.6% 13.5% 4.3% 1.6% 0.5% 0.5% 31.4% 

 4–7 0.0% 4.9% 10.3% 11.9% 3.2% 0.5% 0.5% 31.4% 

 8–12 0.5% 0.5% 2.7% 2.7% 2.2% 1.6% 0.0% 10.3% 

 13 0.0% 0.5% 1.6% 0.5% 1.6% 2.7% 0.5% 7.6% 

 N/A 0.5% 0.5% 0.5% 0.0% 1.1% 0.0% 0.0% 2.7% 

 Total 9.2% 21.1% 31.9% 20.0% 10.3% 5.9% 1.6% 100.0% 

Because the interpretation of coefficients in an ordinal logistic regression is hard to generalize, 
we only focused on finding statistically significant variables as described in Tables 7, 8, 9, and 
10. Income and age are the top two statistically significant variables (a significance level of 0.05) 
for at least 10 risky behaviors (dependent variables) in both surveys. Considering the age factor, 
the eight risky behaviors common between the two types of vehicles included Y1, Y5, Y6, Y9, 
Y10, Y11, Y15, and Y16. Interestingly, age is not a significant factor for explaining risky 
actions, including “Distracted riding,” Wheelie, “Riding without helmets,” “Yelling,” and 
“Riding with a passenger.” From an income perspective, Y1, Y2, Y3, Y5, Y6, Y7, Y8, and Y19 
are the common significant factors for both surveys. 
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Considering other independent variables, being married is related to “speeding” in both surveys. 
Further research is needed to identify cognitive and emotional factors that influence risk-taking 
among people with different marital statuses. People living in urban areas have different risk 
perceptions associated with vehicle types. While “Speeding” with scooters is the only risky 
behavior explained by the factor, it is a critical factor for reckless cycling behaviors such as 
distracted cycling, ignoring stop signs, ignoring traffic signals, and others. Region is the least 
significant value across all 20 dependent variables, implying that how people perceive risk is not 
dependent on location. 

Table 7.  Significant factors by response variables (Y1–Y10) from bicycle survey 
(95% significance level) 

Predictor Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 
Age           

25–34           

35–44           

45–54          * 

55–64 *  *  * *   * * 

65–74           

75 or older      * *  *  

Gender           

Male           

Marital Status           

Married  *     *    

Separated           

Single  *         

Widowed           

Education           

Bachelor degree  * * * * *     

Graduate degree           

High school diploma or equivalent           

Less than a high school diploma           

Some college, no degree           
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Employment Status           

Employed full-time           

Employed part-time           

Retired       * *   

Self-employed           

Unemployed (currently looking for work)           

Unemployed (not currently looking for work)        *   

Income           

$10k - $25k  * *    * *   

$25k - $50k *  *  *      

$50k - $75k * * *  * * * *   

$75k - $100k   *        

$100k - $125k   *  *      

$125k - $150k           

Over $150k *          

Race           

Black or African-American           

Middle Eastern American           

Native American or Alaska Native  *      * *  

Native Hawaiian or other Pacific islander           

White American  * *       * 

Other race * *       * * 

Region           

Suburban           

Urban *  *        
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Table 8.  Significant factors by response variables (Y11–Y20) from bicycle survey 
(95% significance level) 

Predictor Y11 Y12 Y13 Y14 Y15 Y16 Y17 Y18 Y19 Y20 
Age           

25–34           

35–44           

45–54           

55–64 *    * *  *   

65–74           

75 or older *    *      

Gender           

Male           

Marital Status           

Married           

Separated           

Widowed           

Education           

Bachelor degree      * * *   

Graduate degree           

High school diploma or equivalent           

Less than a high school diploma           

Some college, no degree           

Employment Status           

Employed full-time           

Employed part-time       *    

Retired           

Self-employed           

Unemployed (currently looking for 
work) 
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Unemployed (not currently looking 
for work) 

     * *  *  

Income           

$10k - $25k        *   

$25k - $50k        *   

$50k - $75k        * *  

$75k - $100k        *   

$100k - $125k  *      *   

$125k - $150k           

Over $150k           

Race           

Black or African-American           

Middle Eastern American           

Native American or Alaska Native   *       * 

Native Hawaiian or other Pacific 
islander 

          

White American     *     * 

Other race * *         

Region           

Suburban           

Urban           
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Table 9.  Significant factors by response variables (Y1–Y10) from scooter survey 
(95% significance level) 

Predictor Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 
Age           

25–34  *         

35–44 * *    *  * * * 

45–54 *     * * *   

55–64           

65–74 *    *  *    

75 or older           

Gender           

Male      *    * 

Marital Status           

Married       *    

Separated *      * *   

Single           

Widowed           

Education           

Bachelor degree           

Graduate degree           

High school diploma or equivalent           

Less than a high school diploma           

Some college, no degree           

Employment Status           

Employed full-time     *  * *   

Employed part-time           

Retired           

Self-employed        *   
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Unemployed (currently looking for work)     *      

Unemployed (not currently looking for work)           

Income           

$10k - $25k * * * * * * * * * * 
$25k - $50k *   * *      

$50k - $75k *  * * * * * * * * 

$75k - $100k           

$100k - $125k           

$125k - $150k     * *     

Over $150k           

Race           

Black or African-American         *  

Middle Eastern American           

Native American or Alaska Native           

Native Hawaiian or other Pacific islander           

White American   *        

Other race   *        

Region           

Suburban           

Urban       *    
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Table 10.  Significant factors by response variables (Y11–Y20) from scooter survey 
(95% significance level) 

Predictor Y11 Y12 Y13 Y14 Y15 Y16 Y17 Y18 Y19 Y20 
Age           

25–34     *      

35–44 * *  * * *     

45–54  *  * * *     

55–64    *       

65–74           

75 or older           

Gender           

Male *    * *     

Marital Status           

Married           

Separated * *  * * *     

Single     * *     

Widowed           

Education           

Bachelor degree           

Graduate degree           

High school diploma or equivalent           

Less than a high school diploma           

Some college, no degree           

Employment Status           

Employed full-time           

Employed part-time           

Retired     *      

Self-employed           
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Unemployed (currently looking for 
work) 

          

Unemployed (not currently looking 
for work) 

          

Income           

$10k - $25k *   * * * *  *  

$25k - $50k     *  *  *  

$50k - $75k *    *  *  *  

$75k - $100k           

$100k - $125k           

$125k - $150k       *  *  

Over $150k           

Race           

Black or African-American  * *        

Middle Eastern American           

Native American or Alaska Native           

Native Hawaiian or other Pacific 
islander 

          

White American  * *        

Other race           

Region           

Suburban           

Urban           
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CONCLUSIONS AND IMPLICATIONS 

The emergence of shared micromobility systems like bike- and scooter-sharing systems attracts 
many commuters to use these vehicles, but they are also an inconvenience to many residents 
because of their reckless use. Some riders show reckless behaviors, causing a backlash against 
these modes of transportation. Hence, the objective of this article was to evaluate how people 
perceive risk associated with a set of reckless behaviors among scooter/bicycle riders. The 
motivation to conduct this research was the increasing number of news articles about incidents 
related to bikes and scooters across the United States. 

The results show that using scooters as a means of transportation (36 % never rode a scooter 
before) is at the early stage of development in the United States. Considering the percentage of 
enthusiastic and interested persons, there is much more room available for scooter sharing 
programs to be expanded. Also, the percentage of people not sure about their scooter/bicycle 
riding skills draws attention to more education programs in this respect. The short travel time 
either by scooter or bicycle (16 to 30 minutes) requires an enforcement approach that is agile and 
could track an individual’s riding behavior while using the vehicle. 

In this study, eight determinants, such as age, sex, income, and others, were identified to explain 
20 risky behaviors. In general, in both surveys, participant risk perception of each identified 
behavior is relatively low. This may be because the frequency of the incidents is low in the 
region where participants are located and are not observed by many residents. From the 
perceived risk model, age and income play a critical role in explaining most of the risky 
behaviors in both surveys. Education levels differ between the two surveys and in explaining the 
risky behaviors. Noting a high school diploma or less in the scooter survey and a bachelor’s 
degree in the bicycle survey were dominant factors that determined risky behaviors. One reason 
might be the availability of bike sharing programs on university campuses. However, this might 
change in the future as scooter sharing companies have been expanding across the United States 
over the past two years. 

From the open-ended question, certain behaviors are not addressed in the surveys. Riding with 
no hands, holding onto vehicles, riding abreast instead of a single file are the respondents’ major 
concerns. Also, respondents have observed many risky behaviors from kids, which is not within 
the scope of this study. Not wearing a helmet is another concern that is already on the list but 
frequently repeated in this section. The feedback could help future research have a 
comprehensive survey questionnaire or focus on a specific issue. 

Limits of the Study 

Though the sample size is small, the findings suggest there are great opportunities to understand 
the perceived risk of road users toward scooter and bike riders. Bigger sample size and a city-
level survey would definitely help narrow down potential factors. The other avenue could be a 
longitudinal survey before and after micro-mobility services are available in a region. Second, 
since we wanted to make the survey feasible, the number of risky behaviors listed in the surveys 
is limited. At the beginning of this study, little was known about specific risky behaviors, so we 
tried to cover as many as possible. From the results of the open-ended question, more risky 
behaviors could be covered in future research. Third, this study did not systematically explore 
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riding behaviors of an individual from current behavior models; therefore, an extra question on 
general riding behaviors might provide more detail about an individual’s experience with bicycle 
or scooter use, as well as their interactions with different aspects of transportation systems, such 
as network geometry, rights of way, public safety, and others. 

Practical Applications 

Contribution to Research 

First, we extend the literature on risk perception by doing two separate surveys to understand the 
magnitude and frequency of risk from road users’ perspectives. We also developed the risk 
matrix and risk perception model to identify the significant factors explaining each risk. This 
work could be a starting point to identify other possible factors that cause any risky behaviors. 
The risk matrix is also used to build predictive models to characterize users’ riskiness. 

Contribution to Practice 

Our findings offer several insights for practitioners. This work investigates the potential risks 
associated with scooters and bike riders and may help city planners and system operators to set 
policies or appropriate enforcement to reduce any harm from rogue riders. Second, the results of 
the risk matrix help to quantify the penalties related to each risky behavior. The results also help 
officials design educational programs to mitigate any reckless behaviors. 
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