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Chapter 1. Introduction

Planners and city officials have promoted walking as a healthy and sustainable mode of

transportation.

The crash avoidance function in driverless cars enables vehicles to detect and slow down for

pedestrians to avoid collisions.

In this study, we answer three related research questions.




To answer the research questions, we conducted an online survey study of 1,000 residents in the

Philadelphia and Seattle metropolitan areas.

Our findings remind cities that even though pedestrians might become less concerned about
jaywalking in the presence of driverless cars, their crossing behavior will likely be affected by

roadway configurations, traffic volumes, and their confidence in driverless technology.




Chapter 2. Survey Design

2.1. Study Areas

The study area for the survey is the Philadelphia Metropolitan Statistical Area (MSA) and Seattle

Metropolitan Statistical Area.

In addition to the different layouts of their street grids, Philadelphia and Seattle have vastly

different jaywalking culture.

Philadelphia and Seattle also have different pedestrian safety records. Seattle is often considered

one of the safest big cities (Seattle Department of Transportation, 2018b).

Having both the Philadelphia MSA and the Seattle MSA in the survey sample ensures that the
study captures a wide range of built environment, pedestrian behavior, and more generally walking

culture.




2.2. Survey Design and Distribution

To investigate pedestrians’ attitudes toward driverless cars and the trade-off between jaywalking
at mid-block and walking to the nearest intersection, we conducted three separate online surveys
among a total of 1,003 respondents in the Philadelphia MSA and the Seattle MSA between March
29 and April 21, 2023.

In the choice experiments, the surveys ask each respondent to play a series of 12 choice games

under the scenario to which the respondent was assigned.




Choose whether you would cross from A to B at your current location at mid-block (ne pedestrian crosswalk, traffic signal, or stop sign) or walk to the nearest
intersection (with traffic signals and pedestrian crosswalks) to cross. Half of the cars on the road are driverless.

One-way street
U u
I A =8 1
f r r
Sidewalk | Car Car Car Sidewalk
Road configuration and conditions Levels
Street direction One-way
Car travel speed 40 mph
Mumber of car lanes in each direction 3
Valk time to nearest signalized intersection 2.5 minutes
ITime of day and road visibility Might, poor visibility
[Traffic intensity Heawy traffic

() Cross at current mid-block location

) Walk to nearest intersection

Figure 2.1 A choice game presented to the respondents in the half-driverless-car scenario

In the half-driverless-car and all-driverless-car surveys, we present the following description of
driverless cars before the choice experiments to familiarize respondents with the concept of

driverless cars and their crash avoidance feature.

Driverless cars are vehicles that operate without a human driver and are driven

entirely by sensors and computer systems.

The other questions are identical across all three surveys.




The survey company Qualtrics recruited the respondents and distributed the online surveys.

2.3. Survey Respondent Characteristics

Table 2.1 shows the demographic breakdown of the sample by MSA for each of the three surveys.

Table 2.1 Comparison of socioeconomic characteristics between survey respondents and the
populations in the study areas (in percent)

Philadelphia MSA (n = 576) Seattle MSA (n = 427)
No Half All Census No Half All Census
(n=193) (n=193) (n=190) (n=142) (n=142) (n=143)
Age
18to 44 48.2 48.7 46.8 46 58.5 57 51 51
45 to 59 244 23.8 26.3 24 18.3 23.2 26.6 24
60 to 74 22.8 21.8 24.2 22 19 17.6 175 19
75 and over 4.7 5.7 2.6 9 4.2 2.1 49 7
Gender
Male 48.2 48.2 48.4 48 48.6 51.4 46.9 50
Female 49.7 49.2 50 52 50.7 479 52.4 50




Other 2.1 2.6 1.6 NA 0.7 0.7 0.7 NA

Race

White 66.3 69.9 69.5 60.5 76.1 79.6 82.5 60.1
Black or African 20.2 21.8 16.3 19.8 7.7 49 35 6.2
American

Asian or Pacific 6.2 3.1 6.8 6.4 10.6 7 11.2 16.3
Islander

Other 7.3 5.2 7.4 13.3 5.6 8.5 2.8 17.5
Income

Less than $30,000 20.2 20.2 21.1 20 11.3 11.3 11.2 13
$30,000-60,000 19.2 19.2 195 19 14.1 14.1 14 16
$60,000-100,000 21.2 21.2 21.6 21 26.1 26.1 25.9 20
$100,000 or more 34.7 34.2 36.3 40 45.8 43.7 47.6 51
Prefer not to 4.7 5.2 1.6 NA 2.8 49 1.4 NA
answer

Education

High school or 25.9 30.6 25.3 35.5 15.5 19 16.8 26.8

less (including
prefer not to

answer)

Some college 31.6 32.6 35.8 25.2 31.7 31 30.8 29.2
(including

associate degree)

Bachelor’s degree 42.5 36.8 38.9 39.3 52.8 50 52.4 44
or higher

Vehicle ownership

0 124 5.7 10.5 5.9 7 7 4.9 4.2
1 394 44.6 38.9 235 43.7 36.6 41.3 23.1
2 or more 48.2 49.7 50.5 70.7 49.3 56.3 53.8 72.7

2.4. Survey Limitations

Stated preference surveys collect data about respondents’ intentions in hypothetical settings when
real-life controlled experiments are infeasible, such as when soliciting responses about a new

transport mode (Ortuzar & Willumsen, 2011).




that are known to respondents is not feasible as the survey study is currently constructed. Second,
while the age, gender, and income of the survey sample are generally proportional to those of the
population in the study areas, the sample might not be representative of the population due to the

online nature of the survey. Omissions of certain segments of the population from the sample might
lead to biased results.




Chapter 3. Variables and Model Framework

To model pedestrians’ crossing behavior, we estimate a multilevel binomial logit model for each

survey scenario.

3.1. Variables

Table 3.1 shows the attribute levels of the variables presented to the respondents in the choice

games.
Table 4.1 Attribute levels in the choice experiments
Attributes Attribute levels
Street direction One-way/Two-way
Car travel speed 20/25/30/35/40 mph
Number of car lanes (in each direction) 1/2/3
Walking time to nearest signalized intersection 0.5/1/1.5/2/2.5 minutes
Road visibility/lighting condition Night, poor visibility/dusk, medium visibility/mid-day,
high visibility
Traffic volume Light/moderate/heavy

The models include respondents’ age and gender, which have been found to correlate with
pedestrians’ street crossing behavior (Anik et al., 2021; Chai et al., 2016; Holland & Hill, 2007,
T. Wang et al., 2010; Xie et al., 2017).




In terms of walking behavior, we include frequency of jaywalking to capture the potential

difference in risk-tolerance between frequent and less frequent jaywalkers.

3.2. Model framework

Given the binary nature of the choice games, we use the multilevel binomial logit model with
random intercepts to estimate the associations between respondents’ crossing choices and their

demographic characteristics, roadway configurations, and traffic conditions.

Equation 1 below shows the basic structure of the multilevel binomial logit model with random

intercepts.

Pr (y; = 1) = logit™ (a;p; + Vi + XB + €;) 1)

10




In the equation, the subindex i represents one of the 12 choice games presented to each respondent

J-

11



Chapter 4. Findings

This chapter discusses respondents’ attitude toward driverless cars’ potential impact on pedestrian
safety, preferences of management strategies for driverless cars, and street crossing choice under

different driverless car saturation levels.

4.1. Attitudes Toward Driverless Cars’ Safety Impact

Overall, respondents felt less safe as pedestrians with driverless cars on the road.

The attitudes toward driverless cars’ safety impact vary by familiarity with driverless technology.

12
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Figure 4.1 Attitudes toward the safety impact of driverless cars by familiarity with driverless cars

4.2. Preference of Management Strategies for Driverless Cars

More respondents were in favor of limiting speed and disabling driverless features than doing
nothing differently or increasing enforcement of jaywalking to ensure pedestrian safety, as shown
in Figure 4.2. Slightly over one third of respondents in both the Philadelphia MSA and the Seattle
MSA indicated that self-driving functions should be disabled in areas with heavy pedestrian traffic.
Around 25% indicated that driverless cars should not be allowed to exceed 30 miles per hour on
urban streets. By contrast, less than 15% of respondents in each MSA favored more enforcement
of jaywalking laws to ensure pedestrians do not interfere with driverless cars. Even fewer
respondents chose “cities do not need to do anything differently from what they do today with
regard to the interaction between cars and pedestrians”. Around 16% of the respondents in each
MSA favored fences or other obstacles to create more separation between driverless cars and

pedestrians to make streets less “jaywalkable”.

13



40%
35%
30%

25%

20%

15%

10%
-
0%

Disable Enforcement No difference Separation Speed limit

Figure 4.2 Preference of strategies toward the interactions between driverless cars and pedestrians

The preference of disabling driverless function in areas with heavy pedestrian traffic is observed

across walking frequencies, as shown in Figure 4.3.

40%
35%

30%
25%
20%
15%
10%
- Il n Bl 10
0%

Medium High Very high

m Disable Enforcement mNo difference  mSeparation Speed limit

Figure 4.3 preferences of management strategies by frequency of walking
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4.3. Multilevel Analysis of Crossing Choices

Table 4.1 reports the point estimates from the multilevel binomial logit models under each

driverless car saturation scenario.

Table 4.1 Point estimates from multilevel binomial logit models for the three scenarios

Variable (reference category) All Half No
Point estimate (S.E.)
Intercept 1.670*** (0.450) 1.169** (0.437) 1.567*** (0.410)

Direction (one-way)

Two-way -0.838*** (0.098) -0.603*** (0.095) -0.803*** (0.095)
Speed -0.018** (0.007) -0.018** (0.006) -0.018** (0.006)
No. Lanes -0.646*** (0.054) -0.583*** (0.053) -0.510*** (0.053)
Walk time (=2.5 mins)

1-2 mins -0.055 (0.145) 0.142 (0.140) -0.034 (0.136)

<1 min -0.387** (0.144) -0.092 (0.141) -0.308* (0.139)
Visibility (high)

Medium -0.321** (0.106) -0.306** (0.105) -0.319** (0.104)

Poor -0.726*** (0.121) -0.602*** (0.118) -0.466*** (0.117)
Traffic volume (heavy)

Light 0.789*** (0.131) 0.684*** (0.127) 0.698*** (0.122)
Moderate 0.483*** (0.143) 0.350* (0.138) 0.204 (0.132)
Age -0.020** (0.007) -0.018** (0.006) -0.022*** (0.006)

Sex (Female) 0.268 (0.217) 0.355 (0.190) 0.191 (0.198)

Jaywalk frequency (<3 times)

3-5 times 1.223%** (0.260) 1.145%** (0.219) 1.160%** (0.241)
6-8 times 1.836%** (0.444) 1.201** (0.388) 1.475%** (0.372)
>8 times 2.292%%* (0.467) 1.690%** (0.486) 1.623*** (0.411)
Log likelihood -1874.4 -1887.1 -19175
AIC 3782.9 3808.3 3869
BIC 3889.2 3914 3975.1

Significance levels: < 0.001 ***, < 0.01 **, < 0.05*

Consistent with the existing literature, older adults are less likely to jaywalk at current mid-block

location than younger adults.

15




Current jaywalking behavior is a significant predictor of jaywalking in the choice experiments.

The difference in the willingness to jaywalk at mid-block locations between the most and the least

frequent jaywalker appears to increase as the streets become more saturated with driverless cars.

In terms of roadway width, respondents are less willing to jaywalk across bigger roads, especially
in the presence of driverless cars.

Compared to one-way streets, two-way streets are a bigger deterrent to jaywalking.

While respondents are more willing to jaywalk in light traffic, the degree of their willingness varies
across the three scenarios.

16




Regardless of the presence of driverless cars, lower visibility is associated with lower willingness

to jaywalk.

Across all three scenarios, traffic speed is a significant deterrent to jaywalking.

Walking time to the nearest intersection has limited associations with respondents’ crossing

choice, and the associations vary across driverless car scenarios.

We find no significant associations between respondents’ sex and their preferences of jaywalking

in all three models.

17




Chapter 5. Implications of Findings on Practice

In this chapter, we discuss respondents’ attitude toward driverless cars’ potential impact on
pedestrian safety, preferences of management strategies for driverless cars, and street crossing

choice under different driverless car saturation levels.

5.1. Implications

As driverless cars, or certain driverless features such as crash avoidance, become more common,
city officials need to rethink the physical and regulatory interventions to manage the interactions

between driverless cars and pedestrians effectively.

The first implication relates to respondents’ preferences for regulating driverless cars over

increasing enforcement of jaywalking laws in the presence of driverless cars.

Meanwhile, disabling driverless functions and capping the speed of driverless cars in dense urban
cores are the most popular strategies, chosen by a respective one third and one quarter of the

respondents in both MSAs.

18



The second implication relates to the physical interventions that facilitate pedestrian crossing in
anticipation of pedestrians’ potential lack of concern for jaywalking in the presence of driverless

cars.

The last implication relates to ensuring pedestrian safety in the presence of driverless cars through

sound roadway design and street configuration.

19



5.2. Conclusion

In anticipation of driverless cars, cities face regulatory and planning challenges to manage the

interactions between pedestrians and driverless cars.

One near consensus among the respondents was that cities should not take a business-as-usual

approach to manage the interactions between pedestrians and driverless cars.

20
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