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Abstract

For autonomous vehicles (AVs) to receive general acceptance, society must
have a positive perception about their safety impact on vulnerable road users.
Using data from a statewide random-digit-dialing telephone survey of 1001
adults, this paper examines how New Jersey residents perceive the safety im-
pact of AVs on pedestrians, bicyclists, and people with ambulatory disability.
It uses a combination of confirmatory factor analysis and ordered probit mod-
els. Confirmatory factor analysis is used to create latent variables on socioe-
conomic status and built environment. Three ordered probit models are used
to examine people’s perception of AV safety impact on each of the three pop-
ulation groups. The models also examine how frequent walkers, bicyclists, and
people with ambulatory disability perceive their own safety as well as the
safety of the other two groups. All three models examine the effect of fami-
liarity with AV, gender, age, income, education, race, ethnicity, number of
vehicles in household, political party affiliation, as well as built environment
and socioeconomic status of the municipalities where the survey respondents
live. The analysis showed that men, people with familiarity with the AV con-
cept, Democrats, bicyclists, and people with high household income generally
have a positive perception about the safety impact of AVs. While frequent
walkers are ambivalent about their own safety as pedestrians, bicyclists have a
positive perception about their own safety and the safety of pedestrians, whe-
reas people with ambulatory disability have a strong negative perception
about their own safety. The models did not show statistically significant ef-
fects of socioeconomic status or built environment of municipalities on AV
safety perception.
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1. Introduction

The evolution of autonomous vehicles (AVs) has been rapid since the turn of the
century, which began with the advanced driver assistance system (ADAS), cha-
racterized by Level-1 technologies that assist human drivers with steering and
braking or accelerating functions [1]. With Level-2 technologies, vehicles have
been able to control both steering and braking or accelerating under specific cir-
cumstances. Research and development with automated driving system (ADS),
consisting of Level-3 through Level-5 technologies, are currently making signifi-
cant progress. While advanced driver-assist features, rearview video systems, au-
tomatic emergency braking, pedestrian automatic emergency braking, rear au-
tomatic emergency braking, rear cross-traffic alert, lane centering assist, etc., are
already available, partially automated safety features, lane-keeping features, adap-
tive cruise control, traffic jam assist, and self-park technologies are expected to
improve further until 2025, when fully automated safety features are expected to
be available for the public [1] [2]. With Level-4 technologies, a human driver is
expected to be partially redundant, while with Level-5 technologies, human drivers
are expected to be completely redundant as vehicles will be able to drive on their
own in all circumstances.

The benefits from AVs are expected to be manifold: safety benefits, economic
benefits, environmental benefits, and societal benefits. Regarding safety benefits,
a study ([2], p. 2) maintains, “By eliminating the possibility of human error or
poor human choices (e.g., impairment or distraction) while driving, ADS has
enormous potential to save lives and reduce the economic burden associated
with crashes.” Transportation efficiency, equity, and convenience are all ex-
pected to increase with the evolution of AVs. Regarding benefits to people with
disabilities, it maintains that “AVs hold enormous potential to promote the in-
dependence, economic opportunities, and social well-being of older Americans
and persons with disabilities by offering independent mobility for daily activi-
ties” ([2], p. 3). Some authors have expressed the optimism that shared AVs will
tremendously help to address one of the most pressing issues of our time: cli-
mate change [3].

However, for AVs to be accepted by society at large, potential AV users, non-
users, and government agencies will have to be convinced that the AV technol-
ogy is safe for all roadway users. Many studies have been published so far in-
quiring about the safety perception of AVs, but given the novelty of the tech-
nology and the lack of experience of most people being on a driverless vehicle, or
even interacting with a driverless vehicle on roadway, there is much to be

learned about the perception of different types of roadway users. This paper adds
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to the existing body of literature on safety perception of AVs by focusing on
three groups of vulnerable roadway users: pedestrians, bicyclists, and people
with ambulatory disability. In contrast to most past studies that investigated how
society at large perceives AV safety for vulnerable road users, this research com-
pares how pedestrians, bicyclists, and people with ambulatory disability perceive
AV safety for themselves as well as the other two groups. Given the importance
of politics in the United States (US) regarding transportation infrastructure and
technologies, this research also examines if AV safety perception varies by
people’s political party affiliation. In addition, it examines if familiarity with the
AV concept and the characteristics of people’s residential location affect the
perception of AV safety. Regarding residential location, it considers both so-
cioeconomic characteristics and built-environment characteristics.

This research is based on a statewide random-digit-dialing telephone (RDD)
survey of 1001 adults living in New Jersey, a state located in the Atlantic coast of
the US. New Jersey provides a unique opportunity for the research because it is
both spatially and socio-demographically diverse. Some of its 21 counties and
565 municipalities are predominantly urban, some are suburban, and yet others
are rural in nature. Although the state’s median household income is one of the
highest in the nation, the state is also home to many medium- and low-income
residents. Some efforts are underway in the state to establish test beds for auto-
nomous vehicles, but unlike some other parts of the country, there have not been
any well-publicized efforts by private companies or government agencies to in-
troduce driverless vehicles to the general public.

This paper’s contributions are meaningful for several reasons. First, it ex-
amined the perception of AV safety impact for the survey sample by categorizing
it into frequent walkers, bicyclists, people with ambulatory disability, and others.
That allowed the comparison of self-perception about safety for the three vul-
nerable population groups with the perception of others. Second, the authors
collected statewide data on people’s perception of AV safety. Although many
studies have been published that used data from specific cities, the use of state-
wide data in the given context is rare. Third, it compiled secondary data from a
large number of sources to examine the potential effect of residential locations
on the perception of AV safety. As discussed in the literature review, research on
the impact of geographic location on AV safety perception has been rare despite
the suggestion in studies that the impact of AVs will be felt differently in differ-

ent environments.

Relevant Literature

A large number of studies have been published in recent years about the poten-
tial adoption of AVs in the US and other countries [4]-[14]. These studies indi-
cate that AV adoption will depend on the acceptance by potential AV users as
well the approval of society at large because a large number of non-users will

share roads with AVs. Diverse factors may be important for potential AV users.

DOI: 10.4236/jtts.2021.113023

359 Journal of Transportation Technologies


https://doi.org/10.4236/jtts.2021.113023

D. Deka, C. T. Brown

While some studies [9] [15] have emphasized the importance of the level of con-
trol a driver has over the vehicle, others [16] [17] have emphasized the vehicle’s
ability to flawlessly navigate and maneuver on its own. Although it has been pre-
dicted by some [2] that AVs will be safer because they will eliminate human error,
for AV non-users, especially vulnerable road users like pedestrians, bicyclists, and
people with disabilities, having to share roads with vehicles with unfamiliar or va-
guely familiar technologies can be a reason for extreme safety concern.

Research shows that being safe from AVs could be a legitimate concern for
vulnerable road users even if they have reasonable knowledge about AV tech-
nologies [18] [19]. That is because AVs have the potential to make perception
errors (e, errors in perceiving the environment), decision errors (ie., errors in
interpreting acquired information), and action errors (ie, controlling the ve-
hicle, such as accelerating, braking, etc., based on acquired information) [19]. A
reason for concern among transportation agencies and researchers is that vul-
nerable road users themselves often behave erratically or unpredictably when
using roadways [20]. It has also been suggested by researchers that instead of
looking for cues from an AV, pedestrians may look for cues from AV passengers
because of the acquired habit of receiving cues from non-AV drivers [21]. Social
acceptance of AVs will ultimately depend on whether pedestrians will actually
trust fully automated vehicles when they begin to replace the current generation
of vehicles [22] [23]. Similar to pedestrian-AV interaction, a number of studies
have addressed the interaction between bicyclists and AVs [17] [24]-[31]. Other
studies often considered both pedestrians and bicyclists together as vulnerable
road users in the context of AV safety [32]-[37]. More often than not, the focus
of bicycling-related studies has been on various types of technologies rather than
the perception of bicyclists.

The third group of people the current study focuses on, namely, people with
disabilities, has also attained substantial attention from researchers in the con-
text of AVs [2] [38] [39] [40] [41]. The mobility disadvantages of people with
disabilities have also been addressed by studies on AVs for older adults [9] [42]
[43]. While most literature on pedestrians and bicyclists is about the potential
conflict of the two vulnerable groups of road users with AVs, most literature on
people with disabilities, including the aforementioned studies, tends to focus on
people with disabilities as AV riders. While people with disabilities may benefit
as AV riders, they may also have to deal with conflicts with AVs when they share
roads with AVs as pedestrians or wheelchair/scooter users.

An important issue this paper seeks to address is the effect of familiarity with
AV on the perception of AV. Obviously, familiarity with AV can mean different
things to different people at the present time because people can familiarize
themselves by conducting online searches, reading newspapers, reading reports
and academic publications, watching TV, driving vehicles with some advanced
features, or interacting with AVs on the roadway in selected places where AVs
have been tested. A study for Pittsburgh, where Uber tested 20 AVs, found that
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both pedestrians and bicyclists who interacted with AV's were slightly more like-
ly to believe that AVs would reduce chances of fatalities and injuries compared
to those who did not interact [36]. Another study [6] also found that people with
prior knowledge of AVs have less concern about AV safety and adoption. A re-
view of a large number of AV studies also concluded that prior knowledge about
AVs is an important factor affecting people’s perception of AVs, but whether an
individual has a positive or negative perception depends on whether the prior
knowledge is about positive or negative aspects of AV's [44].

Another issue this paper seeks to examine is the effect of place characteristics
on the safety perception of AVs. Although one can infer from past studies [26]
[44] [45] [46] that place characteristics may affect how people perceive AVs, on-
ly one study [47] was found that empirically examined the effect of residential lo-
cation characteristics on the perception of AV safety and concluded that residents
of pedestrian-friendly areas are more concerned about AVs, whereas residents liv-
ing in areas with separated bicycling facilities are less concerned about AVs.

Of interest to this paper is also the effect of political ideology on the safety
perception of AVs. Although no past study was found that directly examined the
relationship between political party affiliation and AV safety perception, it can
be inferred from past publications that Democrats or liberals could view AVs
more favorably than Republicans or conservatives. This inference is partially rooted
in researchers’ expectation that AVs will address climate change, about which
Republicans and conservatives have shown much greater skepticism than Dem-
ocrats and liberals [3] [48]. Another reason is that past studies have found great-
er support for electric vehicles among Democrats than Republicans [49]. Yet anoth-
er reason is that Republicans are more often opposed to new transportation in-
frastructure than Democrats because of the perception that infrastructure in-
vestment involves tax increases [50]. Although AV literature has paid only li-
mited attention to public investments, safe operation of AVs will require sub-
stantial investment in road-side equipment [51].

Finally, this study is also interested in examining the effect of people’s demo-
graphic and socioeconomic characteristics on the perception of AVs. From past
research [6] [52], one can expect to see less concern about AV safety from men
and younger people compared to women and older people. Based on an exten-
sive review, one study [44] concluded that people with higher income and edu-
cation have more favorable views of AVs, younger people are less concerned
about AV safety, and people with disabilities are more enthusiastic about AVs
compared to others. However, other research [47] found that people with high
educational attainment and people who walk frequently are more concerned
about AV safety than others.

2. Primary and Secondary Data

2.1. The Survey of New Jersey Residents

The primary data source for this research is a RDD survey of New Jersey adults
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aged 18 and over. The survey was conducted between October 18 and 24 of 2020
by trained professionals from a survey research center at the authors’ institution.
The survey questionnaire was approved by the institutional review board of the
authors’ institution. A total of 1001 persons responded to the survey, of which
400 were contacted by landline phone and 601 were contacted by cell phone. The
respondent within each household was selected by asking randomly for the
available youngest adult male or female. When a person of the identified gender
was not available, the youngest adult of the other gender was interviewed. De-
pending on each respondent’s choice of language, the survey was conducted in
English or Spanish. The overall margin of error for the survey was +3.8% at 95%
confidence level. The geographic distribution of the survey respondents was
highly proportional to the share of adult population in New Jersey’s 21 counties,
as indicated by a very high correlation between sample size and population size
(r=0.94, p < 0.001).

A few remarks are necessary to describe the important survey questions. The
most important of them all, from which the dependent variables of the probit
models were derived, was the question on traffic safety perception of autonom-
ous vehicles. The exact language for the question was, “Please tell me if you
think self-driving vehicles will increase traffic safety, decrease traffic safety, or
not make much of a difference to traffic safety in New Jersey for each of the fol-
lowing groups?” followed by the mention of pedestrians, bicyclists, and people
with disability. People with disability in the question was defined as “those who
are disabled and/or use a mobility device or aid,” meaning that the emphasis was
on ambulatory disability. The term “self-driving vehicles” was used in the survey
question to indicate that the question was about fully automated vehicles instead
of the current generation of vehicles with advanced driver assistance systems.

The survey question on familiarity with autonomous vehicles had four response
categories: Very familiar, somewhat familiar, not very familiar, and not at all fa-
miliar. The first two categories were combined into the category “familiar” and
the last two categories were combined into the category “not familiar” of a bi-
nary variable. Finally, to identify the survey respondents with ambulatory disa-
bility, instead of asking if they had an ambulatory disability, they were asked if
they used any mobility device, with specific mentions of cane, crutch, walker,
wheelchair, and electric scooter. Based on the responses, 7.6% of all respondents
were found to have an ambulatory disability, compared to 7% for the state
shown by the 2018 American Community Survey (ACS). The demographic and

socioeconomic characteristics of the survey respondents are shown in Table 1.

2.2. Secondary Data

To examine if the characteristics of residential locations have any effect on the
safety perception of AVs, secondary data were combined from a number of
sources for all of New Jersey’s 565 municipalities. Because the survey only identified

the respondents by zip code, the municipality names and codes were obtained by
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merging GIS layers of zip codes and municipalities. Data on demographic and
socioeconomic characteristics were obtained from the 2018 ACS. Data pertaining
to 2019 violent crime incidents in New Jersey municipalities were obtained from

the FBI’s website [53]. New Jersey’s municipal level walk scores were obtained

Table 1. Demographic and socioeconomic characteristics of the survey respondents.

Characteristics No. of Respondents Percent
Sex
Female 486 48.6
Male 515 514
Total 1001 100.0
Age
18 - 34 57 5.9
25-34 115 11.9
35-44 174 18.0
45-54 202 20.9
55-64 228 23.6
65-74 115 11.9
75+ 76 7.9
Total 967 100.0
Race/ethnicity
White 681 69.8
Black 105 10.8
Hispanic 106 10.9
Other 84 8.6
Total 976 100.0
Education
High school or less 160 16.1
Some college 246 24.8
Bachelor’s degree 303 30.5
Post-graduate 284 28.6
Total 993 100.0
Household income
Less than $25,000 72 8.0
$25,000 to $49,999 134 14.9
$50,000 to $74,999 135 15.0
$75,000 to $99,999 160 17.8
$100,000 to $149,999 185 20.6
$150,000 or more 212 23.6
Total 898 100.0
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from Walk Score® website [54]. GIS data on bus stop location were combined
from all major transit agencies serving New Jersey. GIS data on road intersections

were obtained from the New Jersey Department of Transportation.

3. Analysis and Results

3.1. Confirmatory Factor Analysis

Confirmatory factor analysis (CFA) was used to create two municipality-level
latent variables, or factors: built-environment (BE) and socioeconomic status
(SES). CFA is a method to statistically combine ordinary variables into a broader
but abstract variable that contains elements of the ordinary variables. Individual
values of the broader variable, or factor, contain factor scores for each observa-
tion. The BE and SES factors were generated by CFA so that they could be used
as explanatory variables in the probit models to examine how BE and SES of
municipalities affect the perception of AV safety of their residents. An advantage
of using a factor as an explanatory variable instead of an ordinary variable is that
factors are more holistic or comprehensive than the latter.

Because there may be more frequent conflicts between AVs and vulnerable
road users in urban environments, it was expected that the perception of safety
from AVs would be negative in areas with more urban BE. There was no partic-
ular expectation about the relationship between municipal SES and the percep-
tion of AV safety because 1) past research has shown mixed results about the ef-
fect of education despite showing a positive effect of income, and 2) studies have
rarely examined the effects of race, ethnicity, unemployment, crime, etc., on AV
safety perception.

The BE factor was created by combining these highly correlated variables at
the municipal level: walk score, intersection density, proportion of walk trips to
work, number of bus stops, proportion of single-family homes, and population
density. The SES factor was created by combining unemployment rate, propor-
tion of people aged 25 or over with less than high school diploma, proportion of
nonwhite population, proportion of people living in poverty, violent crime inci-
dents per 100,000 people, and median home value.

The results of the confirmatory factor analysis to create the BE factor are pre-
sented in Table 2, whereas the results of the analysis to create the SES factor are
presented in Table 3. The CALIS procedure in SAS was used for estimation. The
fit statistics provided at the bottom of each table satisfy or exceed the recom-
mended standards [55]. The signs of the coefficients of the variables entering the
BE factor (e.g., positive signs for walk score, intersection density, population
density, etc., and negative sign for proportion of single-family detached homes)
indicate that a higher value of the BE factor represents more urban BE for a mu-
nicipality. The signs of the coefficients of the variables entering the SES factor
(e.g., positive signs for unemployment rate, poverty rate, etc., and negative sign
for median home value) indicate that a higher value of the factor represents

lower SES. Thus, a significant negative coefficient of the BE factor in a model on
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safety perception would indicate that safety perception is negative in more urban
municipalities, whereas a negative coefficient for the SES factor would indicate a

positive perception in municipalities with higher SES.

Table 2. Confirmatory factor analysis results estimating factor score for built environment.

Mean Std. Dev. Coeff. tValue p Value

Variables
Walk score 41.07 28.79 0.697 25.32  <0.0001
Intersection density per acre 0.28 0.72 0.173 3.82 0.0001
Percent walk trips to work 2.39 3.01 0.517 14.48 <0.0001
Number of one-way bus stops 53.50  133.37 0.461 13.49  <0.0001
Percent single family detached homes 66.48 2290 -0.786  -33.53 <0.0001
Population density per square mile 3482 5480 0.768 50.33  <0.0001
Fit statistics
Goodness of Fit Index (GFI) 0.994
Adjusted GFI (AGFI) 0.986
Bentler Comparative Fit Index 0.999

Standardized Root Mean Square

0.019
Residual (SRMR)

Table 3. Confirmatory factor analysis results estimating factor score for socioeconomic

status.
Mean Std. Dev.  Coeff. tValue p Value
Variables
Percent unemployed 5.78 2.67 0.567 20.76  <0.0001
Percent with less education than high 8.06 6.10 0.823 48.74 <0.0001
school diploma
Percent non-white population 20.40 17.34 0.568 18.47 <0.0001
Percent population in poverty 7.86 6.11 0.926 78.81 <0.0001
Violent crime per 100,000 population 112.09 171.32 0.767 51.09 <0.0001
Median home value ($) 389,948 250,882 -0.410 -19.50 <0.0001
Fit statistics
Goodness of Fit Index (GFI) 0.943
Adjusted GFI (AGFI) 0.868
Bentler Comparative Fit Index 0.930
Standardized Root Mean Square 0.050

Residual (SRMR)

3.2. Ordered Probit Models on the Perception of AV Safety

Three probit models were used to examine the effects of various explanatory va-

riables on the perception of safety for pedestrians, bicyclists, and people with
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ambulatory disability. The QLIM procedure in SAS was used for estimation. The
descriptive statistics for the variables used in the four models are presented in
Table 4. The table shows the nature of the variables (e.g., categorical, continuous,
etc.), the variable codes, as well as the arithmetic means and standard deviations.
The three variables at the top of the table are the dependent variables for the or-
dered probit models shown in Table 5. The mean for all three groups being close
to 2 indicates an overall neutrality between increase in safety and decrease in
safety because increase in safety was coded 3, safety remaining the same was
coded 2, and decrease in safety was coded 1. For all respondents combined, per-
ceived safety for bicyclists is the lowest (1.97), followed by safety for pedestrians
(2.01), and safety for people with ambulatory disability (2.14). Although the dif-
ferences between the arithmetic means appear to be small, paired-sample t-tests
showed that the difference between the mean for persons with disability is statis-

tically different from the means for the other two groups at the 1% significance

Table 4. Descriptive statistics for the variables used in models.

Variables Mean Std. Deviation
Pedestrian safety (1 = decrease, 2 = same, 3 = increase) 2.008 0.876
Bicyclist safety (1 = decrease, 2 = same, 3 = increase) 1.971 0.876
People with disability safety (1 = decrease, 2 = same, 3 = increase) 2.137 0.874
Increase safety for pedestrians, bicyclists, and people with ambulatory disability (factor score, a continuous variable) 0.013 0.738
Male (Male = 1, Female = 0) 0.541 0.499
Below age 45 (Yes =1, No = 0) 0.368 0.483
Familiar with AV (1 = Familiar, 0 = Not familiar) 0.618 0.486
Frequent walker (Walks daily or almost daily = 1, Walks less often or never = 0) 0.619 0.486
Bicyclist (Bicycles at least sometimes = 1, Never bicycles = 0) 0.487 0.500
Has ambulatory disability (Yes = 1, No = 0) 0.084 0.277
Three or more vehicles in household (Yes = 1, No = 0) 0.258 0.438
No vehicles in household (Yes = 1, No = 0) 0.042 0.200
Income $150,000 or higher (Yes = 1, No = 0) 0.242 0.429
Income less than $50,000 (Yes = 1, No = 0) 0.224 0.417
Has at least a bachelor’s degree (Yes = 1, No = 0) 0.586 0.493
Hispanic (Yes = 1, No = 0) 0.107 0.310
White (Yes =1, No =0) 0.743 0.437
Democrat (Yes =1, No =0) 0.414 0.493
Republican (Yes = 1, No = 0) 0.264 0.441
Socioeconomic status of residential area (factor score, a continuous variable) 0.439 1.855
Built environment of residential area (factor score, a continuous variable) 8.524 25.271

Note: The mean and standard deviation shown may not exactly represent the variable sets used for each model in Table 5 because they were computed from

observations that are common to all models.
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level and the mean for pedestrian safety is different from the mean for bicyclist

safety at the 5% significance level. The remaining variables in the table are ex-

planatory variables.

In the first model of Table 5, the dependent variable is perceived safety for

pedestrians, in the second model, the dependent variable is perceived safety for

bicyclists and in the third model, the dependent variable is perceived safety for

Table 5. Results of ordered probit models on the perception of pedestrian safety, bicyclist safety, and disabled safety from AVs.

Variables Pedestrian safety Bicyclist safety Disabled safety
Coeff. tValue p Value Coeff. tValue p Value Coeff. tValue p Value

Male 0.286* 3.17 0.002 0.317* 3.53 0.000 0.198* 2.19 0.029

Below age 45 0.158 1.71 0.088 0.115 1.25 0.212 0.138 1.48 0.138

Familiar with AV 0.188* 2.05 0.040 0.232* 2.55 0.011 0.252* 2.76 0.006

Frequent walker —-0.065 -0.74 0.462 0.025 0.29 0.773  —-0.065 -0.73 0.466

Bicyclist 0.215* 2.39 0.017 0.224* 2.51 0.012 0.176 1.95 0.052

Has ambulatory disability -0.216 —-1.40 0.160 —0.144 -0.95 0.343  —-0.458* -2.95 0.003

Three or more vehicles in household -0.231* -2.31 0.021  -0.157 —-1.58 0.115  —0.112 -1.11 0.267

One or two vehicles in household (Referent)

No vehicles in household 0.115 0.52 0.603 0.083 0.38 0.701 0.391 1.73 0.083

Income > $150,000 0.278* 2.58 0.010 0.113 1.06 0.291 0.241* 2.24 0.025

Income $50,000 to $149,999 (Referent)

Income < $50,000 0.142 1.25 0.212 0.127 1.12 0.263 0.066 0.57 0.569

Has at least a bachelor’s degree 0.065 0.72 0.473 0.088 0.98 0.325 0.213* 234 0.019

Hispanic 0.078 0.55 0.579 0.010 0.07 0.945 -0.016 -0.11 0.911

White 0.048 0.45 0.654 0.021 0.20 0.842 0.087 0.80 0.424

Democrat 0.299* 2.99 0.003 0.227* 2.27 0.023 0.071 0.70 0.485

Independent (Referent)

Republican 0.112 1.01 0.312 0.114 1.03 0.304 -0.089 —-0.80 0.426

Socioeconomic status of area 0.030 0.86 0.391 0.006 0.18 0.854 0.061 1.70 0.090

Built environment of area —-0.002 -0.62 0.533  -0.002 -0.74 0.457 —-0.004 -1.56 0.119

Constant for decrease 0.320* 1.99 0.047 0.398* 2.50 0.012 0.070 0.43 0.666

Constant for remaining same 0.962* 591 <0.0001 1.023* 6.35 <0.0001 0.664* 4.08 <0.0001

N (Total) 785 789 785

N (Decrease) 296 316 250

N (Remaining same) 188 185 172

N Increase (Increase) 301 288 363

Pseudo R-square 0.11 0.09 0.10

AIC 1669 1679 1636

*Significant at 5% level.
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people with ambulatory disability. Because in all three cases, “decrease in safety”
was coded 1, “remain the same” was coded 2, and “increase in safety” was coded
3, the models predict increase in safety with intercepts for remaining the same
and decrease safety.

In addition to showing the model-specific statistics at the bottom, Table 5
shows the coefficient, t value, and p value for each explanatory variable. The va-
riables are significant at the 5% level when p < 0.05. In the model on perception
of safety for pedestrians, six variables are statistically significant at that level. The
model indicates that men, people who are familiar with the AV concept, bicycl-
ists, people with household income of $150,000 or higher, and Democrats are
more likely to believe that AV's will increase safety for pedestrians. On the other
hand, people who already have three or more vehicles in household are more
likely to believe that AVs will decrease safety for pedestrians. The other variables
are not statistically significant at the 5% level. The dummy variable on age below
45 is only significant at the 10% level, which is beyond the conventional standard
of 5%. Other variables, such as race, Hispanic ethnicity, higher education, so-
cioeconomic status of the municipality, and the built environment of the muni-
cipality, are not statistically significant. One of the most notable observations
from the model is that frequent walkers, ie., people who walk daily or almost
daily, are ambivalent or neutral about the impact of AVs on pedestrian safety.
Although the sign of the coefficient is negative, the p value indicates that fre-
quent walkers are split in their perception between increase and decrease of
safety. People with ambulatory disability seem to be unsure about the safety for
pedestrians as well. In contrast, bicyclists are more likely to believe that AVs will
increase pedestrian safety compared to non-bicyclists.

While six variables were statistically significant at the 5% level in the model on
safety for pedestrians, only four variables are significant at that level in the mod-
el on safety for bicyclists. That is because the variable on three or more vehicles
in household and income $150,000 or over are no longer significant in the bi-
cyclist safety model despite retaining the same signs as the model on pedestrian
safety. The most important distinction between the model on safety for pede-
strians and the model on safety for bicyclists is that bicyclists themselves believe
that AVs will increase their safety, whereas frequent walkers as a whole are un-
sure about the safety of pedestrians.

Five variables are significant at the 5% level in the model on safety for people
with ambulatory disability. However, two of the variables that are significant in
this model were not significant in the other two models. The first is the dummy
variable representing people with ambulatory disability. The negative sign for
the variable indicates that, compared to others, people with ambulatory disabili-
ty are more likely to believe that AVs will decrease their own safety. This is a
sharp contrast with bicyclists’ perception about their own safety, shown by the
previous model. The other significant variable is the one representing at least a

bachelor’s degree, the positive sign of the variable indicating that people with
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higher education are more likely to believe that AVs will increase safety for
people with ambulatory disability. The variable representing bicyclists, which
was significant in the two previous models at the 5% level, is significant in this
model only at the 10% level (p = 0.052). The variable on Democratic party affili-
ation, significant in the two previous models at the 5% level, is not significant in
this model.

3.3. Marginal Effects the Significant Variables

Because of the complexity in directly interpreting the magnitude of the coeffi-
cients of ordered probit models, the marginal effects of the statistically signifi-
cant variables from Table 5 are presented in Table 6 for simpler explanation of
the model results. The three columns in the table are decrease safety, remain the
same, and increase safety. The numbers are the marginal effects at the mean for
each variable shown. A number in any column for a variable is the percentage
point by which the stated population group represented by the variable differs
from the comparison group. For instance, the number —0.103 for males in the
first column indicates that, controlling for other variables, the likelihood of men
selecting decrease in safety is 10.3 percentage points lower than women selecting
that option. Similarly, from the column labeled increase safety, one can infer that
the likelihood of men selecting increase safety is 10.4 percentage points greater
than women selecting that option. By comparing the numbers within the model,
one can see that being a Democrat makes the largest difference, followed by be-
ing male, and having a household income of $150,000 or more, respectively.

A comparison of the numbers across the models shows that the effect of being
male is slightly larger in the model for bicyclist safety compared to the model on
pedestrian safety. Similarly, by comparing across the three models, one can see
that the largest marginal effects are for people with ambulatory disability re-
garding their own safety from AVs. The results indicate that the likelihood of
people with ambulatory disability believing that AVs will decrease their safety is
15.4 percentage points greater than others, whereas their likelihood of believing
that AVs will increase their safety is 17.1 percentage points lower than others.
These results indicate that the people with ambulatory disability are highly con-
cerned about their own safety from AVs.

4. Discussion

The probit models showed that only a few of the variables expected to have a
significant effect on the perception of AV safety impact are statistically signifi-
cant at the 5% level. However, the models confirmed that the variables affecting
the safety perception for the three population groups are not identical. The
arithmetic means of the responses to the three questions showed that safety ben-
efits are expected to be the most for people with ambulatory disability and the
least for bicyclists. A reason for the overall perception that safety benefits to bi-

cyclists will be the least is that bicycling is often considered to be unsafe by
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non-bicyclists. A reason for the overall perception that people with ambulatory
disability will benefit the most may be that people often think about them as AV
riders rather than ordinary roadway users interacting with AVs at intersections
or crosswalks. The literature reviewed for this research [39] [40] [41] showed
that more often than not, researchers have also considered people with disabili-
ties as AV riders rather than pedestrians or wheelchair/scooter users interacting
with AVs on roadways. The fact that the variable on higher education is signifi-
cant (and positive) only in the model for people with disability seems to suggest
that people with higher education are also more inclined to view AVs as a ser-
vice-providing travel mode for people with disabilities. However, the people who
have ambulatory disability may be more accustomed to thinking about them-
selves as pedestrians or wheelchair/scooter users rather than AV riders because
the variable representing them is significant and negative in the model for

people with disability despite not being significant in the other two models.

Table 6. Marginal effects of the statistically significant variables of the three models.

Variables Decrease safety Remain the same Increase safety

Model on safety perception for pedestrians

Male -0.103 —-0.001 0.104
Familiar with AV -0.067 —-0.001 0.068
Bicyclist -0.077 -0.001 0.078
Three or more vehicles in household 0.083 0.001 —0.084
Income $150,000 or higher -0.099 -0.001 0.100
Democrat -0.107 -0.001 0.108

Model on safety perception for bicyclist

Male -0.117 0.003 0.114
Familiar with AV —-0.085 0.002 0.083
Bicyclist -0.082 0.002 0.081
Democrat —-0.083 0.002 0.082

Model on safety perception for people with disability

Male -0.067 —-0.008 0.075
Familiar with AV -0.085 —-0.010 0.095
Has ambulatory disability 0.154 0.018 -0.172
Income $150,000 or higher —-0.081 -0.010 0.091
Has at least a bachelor’s degree -0.072 —0.008 0.080

Consistent with previous studies [6] [36] [44], all models showed that fami-
liarity with AV is positively associated with the perception that AVs will have a
positive safety impact. The model results are also consistent with studies such as
[6] and [52] in that they showed men having a more positive perception of AV

safety impact than women. However, unlike those studies, this research found
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no relationship between people’s age and the perception of AV safety impact.
The variable used in the models (age below 45) is not significant at the 5% level
in any of the four models despite being significant at the 10% level with the ex-
pected positive sign in the model on safety for pedestrians. Other variations of
age, such as age below 35, age 55 or over, and age 65 or over were also not found
to be significant in any of the preliminary models tested, indicating that age is a
questionable predictor of AV safety perception for New Jersey residents. Con-
sistent with another study [44], this research also found evidence indicating that
people with higher income are likely to have a more positive perception of AV
safety impact than others.

Although a past study [47] found that frequent walkers are more concerned
about a negative AV safety impact than others, this research found frequent
walkers to be ambivalent about their own safety as well as the safety of bicyclists
and people with disability. The past study [47] also found that people with high-
er education are more concerned about the safety impact of AVs, meaning that
they could consider AVs as unsafe. While the variable on higher education was not
significant in two of the three models in this research, it was significant with a posi-
tive sign in the model on safety for people with disability, indicating that people
with higher education believe AVs will increase safety for this specific group.

One of the key findings of this research, that Democrats are more likely to
have a positive perception of AV safety impact, is consistent with expectation,
but close scrutiny of the model results showed that Democrats contrast more
with Independents (the referent category) than Republicans. In two of the three
models, the variable representing Republicans has a positive sign despite the va-
riable not being statistically significant.

A population group that seems to have a very positive perception about the
safety impact of AVs consists of bicyclists. In two of the three models, the varia-
ble representing bicyclists is significant and positive, and in the remaining mod-
el, it is almost significant at the 5% level (p = 0.052). Because other studies have
not included similar models to examine the perception of bicyclists about different
vulnerable groups, one can only speculate why bicyclists could have such a positive
perception. It is possible that having greater exposure to risky or unsafe roadway
environments, bicyclists have higher safety perception than non-bicyclists. How-
ever, it is also possible that people with a positive traffic safety perception are
more likely to bicycle than people with a negative safety perception.

In the probit model on safety impact of AVs on pedestrians, the dummy vari-
able representing three or more vehicles in household was significant and nega-
tive, indicating that people with several vehicles in household have a negative
perception about the safety impact of AVs on pedestrians. This could be consi-
dered a contradiction of expectation because 1) high-income people, who usual-
ly have more vehicles, have a positive perception about the safety impact of AVs,
and 2) people with more vehicles in household should be more familiar with the

AV concept and therefore they should have a positive perception about the im-
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pact of AVs. However, it is also possible that people who have more vehicles in
household have more vehicles because they are more comfortable with the cur-
rent, non-autonomous, vehicle technology, and therefore they do not have high
expectations about the safety benefits of AVs.

Finally, the two variables relating to the municipalities of residence were not
significant at the 5% level in any of the models, indicating that residential loca-
tion characteristics do not have a discernible impact at the municipal level. In-
stead of providing generalizable evidence, these results suggest that more research
is needed to understand the effects BE and SES on AV safety perception at dif-
ferent geographic levels.

5. Conclusions

This research showed that some of the variables that affect AV safety perception
for the three population groups are identical, but others are different. Familiarity
was found to have a positive effect on AV safety perception in all three models.
Bicyclists, Democrats, and people with high income were also found to have a
significant positive perception in two of the three models. These variables can be
considered strong predictors of AV safety perception generally, whereas va-
riables such as the number of household vehicles, level of education, and disabil-
ity can be considered significant predictors for specific population groups only.

Despite answering some questions, this research also raises new questions.
The first is about familiarity. Although familiarity with AV was found to be a
strong predictor of AV safety perception, this research did not explain why some
people have greater familiarity with AV, given that AVs are not common in the
study area at this time. It is possible that people who are inquisitive in nature
and people who have a certain attitude toward new technologies are more famil-
iar with the AV concept, but additional research is needed to explore such rela-
tionships. Given that this research did not find any evidence of residential loca-
tion characteristics affecting AV safety perception, future studies should investi-
gate if the scale of geographic areas matters when examining their effect on AV
safety perception. Furthermore, given the strong negative perception of people
with ambulatory disability about their own safety, additional research is needed
to comprehend how people with ambulatory disability and other disabilities will
interact with AV as ordinary roadway users rather than AV riders.

Finally, because of data limitations, this research could not examine how people’s
perception of AV safety is affected by roadway traffic conditions in residential
locations or neighborhoods. Nor could it examine the effect of proximity to mo-
tor vehicle crashes or crash hotspots. Future studies, especially those conducted
at a smaller geographic scale, should consider including these variables as expla-

natory variables in statistical models.
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