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Background: Automated Driving Systems (ADS) may reshape mobility. Yet, related fear and anxiety are largely
unknown. We estimated the prevalence and risk factors of anticipated anxiety towards ADS.

Method: In a nationally representative face-to-face household survey, we assessed anticipated levels of anxiety
towards ADS based on DSM-5 specific phobia criteria, using structured diagnostic interviews. We estimated
weighted prevalences and conducted adjusted logistic regression models.

Results: Of N = 2076 respondents, 40.82% (95%-confidence interval (CI) 37.73—43.98) anticipated experiencing
some symptoms of phobia of ADS, 15.22% (CI 13.19-17.51) anticipated subthreshold phobia, and 3.39% (CI
2.42-4.75) anticipated full-blown phobia of ADS. Of subjects anticipating subthreshold phobia, 74.02% showed
no strong, enduring fears of driving non-automated cars and 65.07% presented no other specific phobias (full-
blown anticipated phobia: 50.37% and 50.03%, respectively). Anticipated phobia highly overlapped with antici-
pating marked or strong fears of passively encountering ADS in traffic (odds ratio 312.4-1982.2).

Conclusion: About 20% of subjects anticipated at least subthreshold and 4% of subjects anticipated full-blown pho-
bia of ADS. It appears to be distinct from fears related to non-automated driving and other specific phobias. Our

findings call for prevention and treatment of phobia of ADS as they become increasingly ubiquitous.

Introduction

The development of automated driving will substantially impact
modern society’s mobility during the next decades (Bansal & Kockel-
man, 2017; Meyer et al. 2017; Pettigrew, 2017). However, it is largely
based on the assumption that the use of automated cars is without rele-
vant mental barriers for the vast majority of potential passengers
(Maurer et al., 2016). Yet, there is hitherto no data to substantiate this
assumption. A number of studies explore the relevant mental functions
for using automated vehicles, including, amongst others trust, risk per-
ception, locus of control, mentalization, prediction, decision making,
sensory and visceral perceptions, and related attributions (Othersen,
2016; Shariff et al., 2017). Disturbances of these functions are of rele-
vance for a range of psychopathological processes and there are some
indications that they may also trigger substantial impairment related to
the use of automated vehicles in a non-negligible part of the population

(Clark et al., 2017). Moreover, some studies suggest a high prevalence
of fears and anxiety related to automated driving (American Psychiatric
Association, 2013). To elucidate the potential nature and scope of the
phenomenon, estimates of the prevalence and risk factors of anticipated
fears and anxiety related to automated driving are urgently needed.

The objective of the present study was to estimate, in a national rep-
resentative sample, based on face-to-face interviews the prevalence and
risk factors of anticipated fear and anxiety towards in-vehicle (i.e., using
while in the car) automated driving and related anticipated fulfillment
of DSM-5 specific phobia diagnostic criteria, tentatively termed
‘automatophobia’ for the purposes of this study. Fear and anxiety
towards automated driving could potentially be conceptualized in differ-
ent ways. We decided for its conceptualization within a DSM-5 specific
situational type phobia framework, because of it being a reliable con-
struct involving a rather specific situation. Furthermore, the diagnosis
‘fear of flying’ is a precedent of a mode of transportation related to a
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situational type phobia (Oakes & Bor, 2010). Hence, we conceptualized
‘automatophobia’ as a specific form of specific phobia of the situational
type and we assessed anticipated automatophobia at three levels (Ameri-
can Psychiatric Association, 2013). First level, symptomatic, that is
reporting anticipated fears and anxiety towards active automated driv-
ing, subthreshold, and full-blown. Second level, we estimated the associ-
ation and overlap of automatophobia with i) fears and anxiety related to
non-automated driving as well as with ii) symptoms of other specific
phobias. Third level, we estimated how automatophobia relates to fear
and anxiety towards automated driving as other road traffic participants.
Given the current relative scarcity of automated cars, we use the term
‘automatophobia’ in the following prospectively, referring exclusively
to anticipated symptoms, if not otherwise stated. ‘Automated car’ refers
to a car equipped with an Automated Driving System (ADS) [defined as
capable of levels of driving automation 3 or higher, according to the
automated driving standard ‘SAE International Standard J3016’ classify-
ing degree of automated driving] (On-Road Automated Driving Commit-
tee, 2018). Level 3 was chosen as threshold as it describes ADS as active
driving feature when engaged, as opposed to ADS functioning as driver
support feature on levels 0—2.

Methods
Setting, ethics approval study registered

The ethical review board of the International Psychoanalytic Univer-
sity approved the study (approval number: 2018-5/2019-13). We
assert that all procedures contributing to this work comply with the ethi-
cal standards of the relevant national and institutional committees on
human experimentation and with the Helsinki Declaration of 1975, as
revised in 2008. The informed verbal consent procedure was approved
in advance by the Ethikkommission der Internationalen Psychoanalyti-
schen Universitét Berlin (ethics committee of the International Psycho-
analytic University Berlin). All respondents provided informed verbal
consent, with a caregiver providing additional informed consent if the
respondent was younger than 18 years of age. Verbal consent was wit-
nessed and formally recorded. Criteria for inclusion in the study were: i)
Age 14 years or older, ii) sufficient German language skills, and iii) no
health conditions or impairments that would impede participation in
the interview.

Study design and sampling

We applied a national representative survey framework with subjects
participating in one of two waves of face-to-face interviews between 2
September 2019 and 17 September 2019. The target sample size was
2000 subjects (Linden, 2013). Respondents were selected from a multi-
stage probability sample of the German-speaking population living in a
total of 40.35 million private households in Germany, aged 14 years and
older (Media-Micro-Census GmbH, 2018). Details of the sampling proce-
dure, interviews, and quality control measures are provided as Supple-
mentary Material 2. In brief, 397 trained interviewers conducted the
interviews, which lasted an average of 60 min. Mean age of the inter-
viewers was between 45 and 50 years, approximately 45% were male
and 55% were female, and all were trained in various methods and pro-
cedures. Each interviewer received specific instructions and underwent
a trial period of six months with quality checks by their superiors.

Demographic factors

Sociodemographic data included: Gender, age, marital status, level of
education, occupational status, associated household income and size of
household of subjects (all assessed via survey), size of area of residence,
and region (both based on information provided with the Arbeitsge-
meinschaft Deutscher Marktforschungsinstitute’s (Working Group of
German Market Research Institutes) (ADM) network data, all
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categorized as depicted in Supplementary Material Table 1. Information
on region was based on the federal state in which the interview took
place, categorized according to Nielsen areas. How federal states relate
to Nielsen areas is described in the notes of Supplementary Material
Figure 2.

Diagnostic assessments

We defined automated driving as in-vehicle use of a car with engaged
ADS (Grubmtiller et al., 2017). As automated driving is only at the start-
ing point to enter the market, we evaluated anticipated fear, anxiety, and
avoidance, relating to a possible future situation in which road traffic
mainly consists of cars driving in automated mode and in which
respondents regularly rely on automated driving for transportation (see
Supplementary Material 1). To ensure that respondents referred to levels
of driving automation 3 or higher, we used a vignette approach (Hohen-
berger et al., 2017), introducing the questions related to automated driv-
ing. An English translation of the vignette is provided as Supplementary
Material 1 (original German version is available on request).

We assessed symptoms of ‘automatophobia’ with the DSM-5 criteria
framework for ‘specific phobia’ (criteria A to G) (American Psychiatric
Association, 2013). We adopted items from the development and well-
being assessment (DAWBA) (Goodman et al., 2000), a well-validated
diagnostic and standardized interview, for which German versions for
the age ranges of 11 to 17 years and 18 years and above are available.
Items were specified to accommodate DSM-5 criteria for specific phobia
regarding fear, anxiety, and avoidance related to driving in an auto-
mated car. Specified items are provided as Supplementary Material 3.
Exclusion criteria were probed via respective screening items adopted
from the Composite International Diagnostic Interview (CIDI)
(Wittchen, 1994). In cases of uncertainty arising from ambiguous or
missing responses on individual items of the diagnostic section of the
interview, a conservative approach was adopted, whereby the absence
of clear agreement with any of the presented response options indicating
fulfillment of any criterion was coded as the absence of the respective
construct underlying the item.

To account for the dimensionality of mental disorders (Haslam et al.,
2012) with a high level of granularity, subjects were divided into four
groups. The first group, ‘full-blown automatophobia’, included respond-
ents fulfilling all automated-driving-related anticipatory DSM-5 criteria
for specific phobia (criteria A to G). The second group, ‘subthreshold
automatophobia’, included respondents fulfilling criterion A and at least
two, but not all four of criteria B to E. The third group, ‘automatophobic
fear/anxiety’, reported a little, marked, or strong fear or anxiety and ful-
filled none or one of the criteria B to E.

This group was implemented (see also Imperiale et al., 2021) to
account for the finding that symptoms can be present before discernable
subclinical phenotypes develop (McGorry & van Os, 2013). The fourth
group, ‘no automatophobia’, included respondents reporting no fear or
anxiety related to automated driving.

Notably, according to DSM-5, subjects that qualify for full-blown
phobia are necessarily impaired (criterion F). Estimating the association
between full-blown automatophobia and presence of impairment is con-
sequently meaningless from a DSM-5 perspective. Therefore, we identi-
fied respondents fulfilling criteria A to E and G, irrespective of criterion
F (full-blown automatophobia irrespective of impairment), which
allowed us to contrast the respective associations of impairment with
‘full-blown automatophobia irrespective of impairment’, ‘subthreshold
automatophobia’, and ‘automatophobic fear/anxiety’.

Additional fear and anxiety related assessments

We collected information on three additional topics: i) Symptoms of
‘passive automatophobia’, that is fear, anxiety, or avoidance related to
automated cars in the context of a) being a relatively unprotected road
user, or b) as user of a non-automated motor vehicle in the form of
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motorcar, truck, motorbike, or similar, ii) on clear and persistent fear or
anxiety related to driving a non-automated car, and iii) on clear and per-
sistent fear or anxiety of other situations or objects.

Driving history

We collected information on individual driving history, including i)
one question on having a driving license for cars (yes/no) and four ques-
tions regarding frequency of car use during the past 12 months in form
of ii) automated cars as driver or operator in the driving seat, iii) auto-
mated cars as passenger in the passenger seat or rear seat, iv) non-auto-
mated cars as driver in the driver’s seat, and v) non-automated cars as
passenger in the passenger seat or rear seat (cf. Kyriakidis and col-
leagues) (Kyriakidis et al., 2015), categorized according to categories
depicted in Supplementary Material Table 2.

Statistical analyses

A distinct two-step weighting scheme was used to make the sample
representative for the German-speaking population living in private
households in Germany, aged 14 years or older (see Supplementary
Material 4).

We used cross-tabulations to calculate i) frequencies of different
degrees of fear and anxiety related to automated driving, stratified by
sex and age groups, ii) prevalence rates of symptomatic, subthreshold,
and full-blown automatophobia stratified by sex and age groups, iii)
symptomatic automatophobia stratified by Nielsen area as sensitivity
analysis, and iv) frequency of symptoms of passive automatophobia. Fur-
thermore, we used cross-tabulations followed by logistic regression anal-
ysis to compare the level of impairment between subjects with
symptomatic, subthreshold, and full-blown automatophobia, the latter
defined exclusively for this purpose as endorsing all criteria A to G, irre-
spective of endorsement of criterion F. Throughout all other parts of the
manuscript, full-blown automatophobia also requires endorsement of
criterion F. We also used cross-tabulations to describe the frequency of
subthreshold and full-blown automatophobia with and without concom-
itant i) fears/anxiety related to non-automated driving, and ii) indica-
tions for other specific phobias.

We conducted logistic regression analyses to estimate the association
between demographic characteristics, driving history, phobia related to
non-automated driving, and other specific phobias with the outcomes
prevalence of symptomatic, subthreshold, and full-blown automatopho-
bia as follows: In a first set of models, we concomitantly estimated how
sex, age, education, household income, and marital status predicted the
outcomes, followed by test for trend in case of age, education, and
household income, using Wald tests of linear hypotheses about the
parameters across comparisons between variable categories and the
respective baseline category. Next, we estimated separate logistic regres-
sion models for each of the predictors: City size, Nielsen area (using Niel-
sen area 2, with the largest population, as reference category), having a
driving license, frequency of driving non-automated cars, phobia related
to non-automated cars, and symptoms of specific phobia related to driv-
ing-unrelated stimuli. All these models were adjusted for the a priori
defined potential confounders: Sex, age, education, household income,
and marital status. We additionally provide unadjusted, crude models
for reasons of transparency. We based all statistical analyses on
weighted data and computed them with the Taylor series linearization
method (Wolter, 2007), unless otherwise specified, to account for the
complex structure of the survey data, including the multistage sampling
design.

We described the frequency of fear, anxiety, or avoidance related to
automated cars in the context of not using them oneself but encounter-
ing them in road traffic (‘passive automatophobic fears’), either as rela-
tively unprotected road user or as user of a non-automated motor
vehicle. We used cross-tabulations and logistic regression as outlined
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above to describe and estimate the association of passive automatopho-
bia with symptomatic, subthreshold, and full-blown automatophobia.

Results
Sample descriptives

We provide the flowchart of study subjects in Supplementary Mate-
rial Figure 1. Data from a total of 2076 respondents were included in the
analyses. Demographic characteristics and driving characteristics of the
total sample stratified by sex are depicted in Supplementary Material
Tables 1 and 2. There were 2 cases with missing data on occupational
status and 3 cases with missing data on net household income. We con-
ducted complete case analyses (CCA) throughout, leaving out cases with
missing data when one of the two above-mentioned variables were
included in the analyses, given that CCA is expected to give unbiased
results (Hughes et al., 2019).

Prevalence of and impairment by automatophobic fear/anxiety, subthreshold
automatophobia, and full-blown automatophobia

While 59.18% (CI 56.02 — 62.27) of respondents reported no fear or
anxiety related to automated driving, 24.52% (CI 22.22 — 26.98)
reported little, 9.05% (CI 7.71 — 10.6) reported marked, and 7.24% (CIL
5.82 — 8.99) reported strong fear or anxiety (frequencies stratified by
sex and age groups are depicted in Supplementary Material Figure 1).
From a DSM-5 specific phobia perspective and based on respondents’
anticipated symptoms, 40.82% (CI 37.73 — 43.98) of respondents
reported at least some automatophobic fear/anxiety, 15.22% (CI 13.19
— 17.51) fulfilled criteria for subthreshold automatophobia and 3.39%
(CI 2.42 — 4.75) for full-blown automatophobia, with higher prevalence
in female subjects than in male subjects across all three levels (see Sup-
plementary Material Table 3 and results from logistic regressions below)
and the highest prevalence in subjects aged 75 years and older (see
Fig. 1 for prevalence rates across age groups). Impairment was antici-
pated by 5.34% (CI 3.55 — 7.97) of respondents with automatophobic
fear/anxiety, but no subthreshold or full-blown automatophobia, by
26.75% (CI 20.46 — 34.15; odds ratio (OR) = 6.47, CI 3.80 — 11.0, rela-
tive to automatophobic fear/anxiety only) of respondents with sub-
threshold, but not full-blown automatophobia, and by 71.44% (CI 59.31
— 81.10; OR = 44.3, CI 22.9 — 85.6, relative to automatophobic fear/
anxiety only) of respondents with full-blown automatophobia — notably,
with full-blown automatophobia defined irrespective of endorsement of
impairment criterion F.

Subthreshold and full-blown automatophobia with and without i) fear/
anxiety related to non-automated driving, and ii) indications for other specific
phobias

Strong and enduring fear of driving with non-automated cars was
reported by 49.63% (CI 33.79 — 65.55) of subjects with full-blown auto-
matophobia and 25.98% (CI 19.51 — 33.69) of subjects with at least sub-
threshold automatophobia. Strong and enduring fear of other specific
situations, such as using elevators, tunnels, or planes, blood, syringes,
animals, heights, or storms were reported by 49.97% (CI 33.43 — 66.52)
of subjects with full-blown automatophobia and 34.03% (CI 26.81 —
42.08) of subjects with at least subthreshold automatophobia. Both,
fear/anxiety related to non-automated driving and indications of other
specific phobias were linked with automatophobia across all levels (see
Table 2).

Predictors of automatophobic symptomatology, subthreshold
automatophobia, and full-blown automatophobia

Being female and of older age was linked to an increased risk of auto-
matophobia across all three levels. No association was found between
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Number of addresses / sample points to be potentially

J

contacted (n = 3096)

A

No household at address / sampling point (n = 328). Reasons:
No building, non-existing address or nobody living at address

Number of addresses / sampling points at which a
household was present (and contact attempt was
possible) (n = 2768; 89.4% of sample points)

—

Contact attempt was unsuccessful (n = 332). Reasons:
Nobody responding or no potential target subjects at home

v

Number of households where contact attempt was
successful and eligibility of target subject was
assessable (n = 2436; 88% of sample points with)

————>

No potential target subject eligible in the household (n = 44).
Reasons: Not speaking German or health disturbances
impedina particination

v

Number of households where an eligible target subject
could be identified and was available (n = 2392; 98.2%
of households with successful contact attempt)

[ Target subject not willing to participate (n = 304) ]

Number of eligible target subjects willing to participate
and providing an interview (n = 2088; 87.3% of
households with an eligible, available target subject)

Number of interviews removed due to insufficient assessment
;L quality (n = 12)

\ 4

Number of cases providing an interview — included in
analyses (N = 2076; 99.4% of interviewed eligible target
subjects)

Fig. 1. Flowchart of study participants.

education or marital status and automatophobia risk, while some evi-
dence tentatively suggested that lower household income may be related
to increased risk of subthreshold automatophobia (see Table 3).

There was some indication that a larger city predicted a lower risk
for automatophobic symptomatology and subthreshold automatopho-
bia. Further, automatophobic symptomatology differed across regions in
Germany (see Table 1 & Supplementary Material Fig. 2). While there
was no indication that owning a driving license was linked to automato-
phobia across levels, using non-automated cars less often was linked to
an increased risk of automatophobia across levels.

Frequency of ‘passive automatophobia’

The prevalence of passive automatophobia (marked or strong fears)
was 12.71% (CI 10.71 — 15.01) as non-automated motor vehicle user,

and 15.94% (CI 13.82 — 18.33) as pedestrian, bicycle- or e-scooter-user
(for details, see Table 4).

The prevalence of passive automatophobia as non-automated motor
vehicle user was 0.67% (CI 0.32 — 1.38) in subjects with no anticipated
symptoms of active automatophobia (i.e. as in-vehicle user of an auto-
mated car), 7.03% (CI 4.70 — 10.39) in subjects with active automato-
phobia (adjusted OR = 11.5, CI 5.29 — 24.8, as compared to subjects
without active automatophobia), 65.58% (CI 58.22 — 72.25) in subjects
with subthreshold active automatophobia (adjusted OR = 312.4, CI
129.4 — 754.4, as compared to subjects without active automatophobia),
and 81.12% (CI 67.52 — 89.87) in subjects with active automatophobia
(OR = 662.1, CI 208.7 — 2100.6, as compared to subjects without active
automatophobia).

The prevalence of passive automatophobia in terms of marked or
strong fears as pedestrian, bicycle- or e-scooter-user was 0.56% (CI 0.26 —



Table 1
Demographics and socioeconomic data.

1032 TPRUYISIIIA "D

At least automatophobic At least automatophobic At least subthreshold At least subthreshold
symptoms — Crude symptoms — Adjusted automatophobia — Crude§ automatophobia — Adjusted§
Predictors OR $95%CI — LB; 95%CI — UB} OR $95%CI — LB; 95%CI — UB} OR F95%CI — LB; 95%CI — UB} OR F95%CI — LB; 95%CI — UB}
City size
Up to 4500 (reference category) - - - -
5000 to 19,999 0.48* [0.24; 0.96] 0.44 [0.19; 1.01] 1.25 [0.29; 5.41] 1.76 [0.34; 9.07]
20,000 to 49,999 0.82 [0.41; 1.61] 0.69 [0.32; 1.53] 3.56 [0.85; 14.9] 4.08 [0.93; 17.9]
50,000 to 99,999 0.67 [0.34; 1.33] 0.62 [0.27; 1.42] 0.94 [0.23; 3.91] 1.13 [0.24; 5.35]
100,000 to 499,999 0.44* [0.23; 0.83] 0.38* [0.18; 0.82] 0.37 [0.089; 1.57] 0.42 [0.089; 2.03]
500,000 and more 0.42%* [0.23; 0.79] 0.42* [0.20; 0.90] 0.27 [0.068; 1.09] 0.38 [0.082; 1.73]
p-for-trend: 3.64 (5; 428), 1 7.29 7.77
F (df-nominator; df-denominator), p = 0.003 (5; 428), p (5; 428),
p-value < 0.001 p<0.001
Area
Nielsen 1 0.81 [0.52; 1.28] 0.96 [0.58; 1.58] 0.77 [0.25; 2.42] 1.04 [0.34; 3.17]
Nielsen 2 (reference category) - - - -
Nielsen 3a 0.83 [0.52; 1.33] 0.83 [0.48; 1.42] 0.26* [0.068; 0.98] 0.28 [0.072; 1.05]
Nielsen 3b 1.1 [0.69; 1.74] 1.26 [0.74; 2.12] 0.68 [0.22; 2.14] 0.82 [0.29; 2.36]
Nielsen 4 0.92 [0.59; 1.44] 0.91 [0.54; 1.52] 0.34 [0.094; 1.22] 0.31 [0.092; 1.04]
Nielsen 5 0.66 [0.37; 1.18] 0.77 [0.37; 1.58] 0.23 [0.028; 1.97] 0.31 [0.039; 2.46]
Nielsen 6 1.75* [1.06; 2.89] 1.80* [1.03; 3.14] 1.65 [0.56; 4.88] 1.85 [0.60; 5.68]
Nielsen 7 0.49* [0.27; 0.87] 0.46* [0.25; 0.84] 0.71 [0.21; 2.42] 0.76 [0.21; 2.78]
Driving license
No (reference category) - - - -
Yes 0.86 [0.65; 1.13] 1.1 [0.80; 1.52] 0.65 [0.34; 1.23] 1 [0.49; 2.06]

*,p <0.05; **, p < 0.01; ***, p < 0.001; §, DSM-5 criteria for specific phobia were applied.
Abbreviations: CI, confidence interval; DSM, Diagnostic and Statistical Manual of Mental Disorders; OR, odds ratio.
Notes: Analyses are based on weighted data.
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1.21) in subjects with no active automatophobia, 12.15% (CI 9.12 —
~“~ . . . . . .
=] 16.01) in subjects with active automatophobia (adjusted OR = 26.5, CI
g 11.1 — 63.2, as compared to subjects without active automatophobia),
;3 TESNEN%T Iy =) 79.68% (CI 73.28 — 84.86) in subjects with subthreshold active automa-
gl o NNHERAES N — tophobia (adjusted OR = 837.4, CI 328.2 — 2136.8, as compared to sub-
I3 jects without active automatophobia), and 90.73% (CI 79.69 — 96.07) in
25| 5 ! P
7<| 9 subjects with active automatophobia (adjusted OR = 1982.2, CI 563.0 —
= . . . .
£ s GI 6979.2, as compared to subjects without active automatophobia).
2 o 3 MR .
§2| & staxesd S, o, Discussion
g
E . We estimated the prevalence and risk factors of anticipated fear and
. ¥ 8 . . anxiety towards actively using cars driving in automated mode
wH B L E’ v £ £ (‘automatophobia’) and collected data via face-to-face interviews in a
&  Sgoeayeq s S RN national representative sample. Approximately 41% of subjects antici-
pated experiencing fear and anxiety, 15% fulfilled criteria for subthresh-
R = s old, and 3% for full-blown automatophobia, with automatophobia
K2R3 RES R S defined as a form of DSM-5 specific phobia. Given that about 27% of
o those with subthreshold automatophobia anticipated relevant
) % ) impairment and that all with full-blown automatophobia are impaired
£ ol by definition, we estimated the overall prevalence of subjects with sub-
g -
£ £ § SRERELELG <« & threshold and full-blown automatophobia with relevant impairment at
e % ?H E RN =) o < 7% of the total population. Risk estimates were approximately twice as
% g high in female subjects as compared to male subjects, and substantially
= S & increased with age. Data tentatively indicated that the risk of subthresh-
! 98 old automatophobia was lower when household income was high and
Piof R : i that the risk of automatophobic symptoms was higher in subjects living
0N OGN OO Y =) N . . . .
& NX S G NRO N A = B in villages or small towns, and that both risks increased when not fre-
o I S = N < 0 N O [ I o ) i d
quently using non-automated cars.
T = = Our findings complement initial reports documenting that fears and
O VWA AN AN AN O N O . L. .
@ I NG I I i 2 anxiety related to automated driving are rather common (Continental
@ 25 Corporate Media Relations, 2018; Haboucha et al., 2017; Hohenberger
2 . . .
E E % @ et al., 2016, 2017; Kyriakidis et al., 2015), including first data suggest-
o P . . .
S| 8 g 0 ing that anticipation of being frightened by automated cars may be
5 E ! g G B E & & higher in women than men (Hohenberger et al., 2016). Further, our
|8 E 5 % E g ; ; g ; E g s findings, regarding a higher prevalence in women as compared to men,
S| 88 g are in line with recent estimates of the general prevalence of DSM-IV
§~ z N N 8 specific phobia, amounting to life-time prevalence estimates, cross-
3 - ; B oem e f\, ;0 g A nationally, of 9.8% in females and 4.9% in males (Wardenaar et al.,
S o M5 SO MRN o ol 23 . .
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Table 3
Automatophobic symptoms, subthreshold automatophobia, and full-blown automatophobia predicted by socio economic status.
At least automatophobic At least subthreshold Full-blown
symptoms automatophobia§ automatophobia§

Predictors OR $95%CI — LB; 95%CI — UB} OR f95%CI — LB; 95%CI — UB} OR f95%CI — LB; 95%CI — UB}
Sex
Male (reference category) - - -
Female 2.86%** [2.31; 3.55] 3.06%** [2.22; 4.23] 2.29* [1.18; 4.46]
Age
Until 24 years (reference - - -

category)
25 — 34 years [0.48; 1.27] [0.27; 1.64] 2.39 [0.18; 31.8]
35 — 44 years [0.65; 1.71] [0.60; 2.91] 3.04 [0.31; 30.0]
45 — 54 years [0.85; 2.25] [0.77; 3.34] 4.24 [0.60; 29.9]
55 — 64 years [1.26; 3.44] [1.27; 6.06] 9.17* [1.03; 81.5]
65 — 74 years [1.78; 5.28] [2.03; 10.3] 10.6* [1.10; 101.1]
75 years and older [2.36; 7.71] [2.19; 12.6] 13.3* [1.27; 138.7]
p-for-trend: F (df-nominator; 8.95 2.7 (6; 427),

df-denominator), (6; 427), (6; 427), p = 0.014

p-value p <0.001 p<0.001
Education
Low (reference category) — - —
Middle 1.07 [0.82; 1.40] 0.95 [0.68; 1.33] 0.7 [0.33; 1.48]
High 0.97 [0.71; 1.32] 0.91 [0.58; 1.44] 0.61 [0.25; 1.48]
p-for-trend: F (df-nominator; df- 0.27 (2; 431),

denominator), p-value p = 0.76
Household income
Low (reference category) - - -
Medium 0.82 [0.57; 1.19] 0.54* [0.31; 0.92] 0.42 [0.14; 1.28]
High 0.73 [0.48; 1.12] 0.48* [0.25; 0.92] 0.35 [0.083; 1.47]
p-for-trend: F (df-nominator; df- 1.05 (2; 431),

denominator), p-value p = 0.35
Marital status
Married / with partner (reference — - -

category)
Single 0.96 [0.65; 1.42] 0.89 [0.52; 1.55] 1.09 [0.36; 3.26]
Divorced / separated / widowed  0.89 [0.61; 1.28] 0.66 [0.41; 1.07] 0.63 [0.24; 1.65]

without partner

*p <0.05; ** p <0.01; *** p < 0.001; § DSM-5 criteria for specific phobia were applied.
Abbreviations: CI, confidence interval; DSM, Diagnostic and Statistical Manual of Mental Disorders.

Notes: Analyses are based on weighted data.

estimated that only less than 2% of the resident population in Germany
do not identify themselves as speaking German (Adler, 2018; Gartig et
al., 2010). Second, our sampling strategy omitted people living in shared
accommodations, such as hostels, student dormitories, military barracks,
monasteries, prisons, and assisted living centres. Additional data collec-
tion modalities are needed to target these specific populations. Third,
interviews were conducted by trained lay interviewers. Yet, the struc-
tured interview from which our items have been derived can be well
conducted with very good assessment properties by lay interviewers
(Goodman et al., 2000).

Our findings are generalizable to the German-speaking population
living in private households in Germany, aged 14 years or older. It can
be assumed that our findings largely translate to other industrialized
countries — however with some variation. This is indicated by recent
surveys on mobility (Continental Corporate Media Relations, 2018).

We evaluated anticipated fear, anxiety, and avoidance, which may
differ from fear, anxiety, and avoidance once the technology has been
widely introduced. Still, it has been suggested that public imagination
and societal representations are a valuable approach to study automated
mobility systems (Wahlstrom, 2017). Preceding widespread introduc-
tion of automated mobility, additional studies on automatophobia utiliz-
ing different prompts are required to replicate our findings in other
countries, to better anticipate future health care needs. Future studies
are also needed to monitor how anticipated fears, anxiety, and avoid-
ance translate into fears, anxiety, and avoidance experienced in the con-
text of real automated mobility. Automatophobia may occur in
individuals without any previous experience with automated mobility
(‘primary automatophobia’) or develop in individuals that previously
perceived no fear or anxiety when using automated cars (‘secondary

automatophobia’). Studies following large-scale adoption of automated
mobility may concomitantly elucidate both phenomena and their rele-
vance.

Even though related, automatophobia showed only partial overlap
with fears related to non-automated driving and symptoms of other spe-
cific phobias. The size of this overlap was comparable to the size of over-
lap between different established subtypes of specific phobias (Grenier
et al., 2011; LeBeau et al., 2010; Wardenaar et al., 2017). Further, auto-
matophobia appeared to be rather distinct from other specific phobias
regarding its risk increasing with age. Interestingly, ‘active
automatophobia’ was  virtually overlapping with  ‘passive
automatophobia’. This suggests that active and passive automatophobia
should be subsumed under a broader definition of automatophobia com-
prising both fear and anxiety related to in-vehicle use of automated
vehicles as well as to encountering automated vehicles as other road
traffic participant.

Relevant mechanisms, to be elucidated in future studies on the devel-
opment of automatophobia, include: Risk perception, trust, a lack of sub-
jective prediction models, risk communication, driving frequency, and
many others. These may also be relevant to better understand the gender
differences in prevalence estimates. To better understand whether the
identified higher automatophobia prevalence in older subjects (perhaps
related to increasing time since obtaining one’s driving license) is a true
aging effect, or rather a cohort effect, requires further studies. In case of
a cohort effect, prevalence rates across all ages would be expected to
decrease over time. However, to date, there is ambiguous data across
countries regarding whether fears and anxiety related to automated
driving increased or decreased over the past couple of years (Continental
Corporate Media Relations, 2018). Furthermore, our data indicate
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Table 4

Frequency of anxiety related to not using highly automated cars oneself but encountering them in road traffic (‘passive automatophobia’).

All

Full-blown
automatophobia

Symptomatic Subthreshold
automatophobia

automatophobia

No automatophobic

symptoms

n
95%Cl (unweighted)

lower  upper

%
95%CI (weighted) 95%CI

lower upper

upper %
95%CI (weighted) 95%CI

lower

%
95%CI (weighted) 95%CI

lower  upper

%
95%CI (weighted) 95%CI

upper

% (weighted) lower

95%CI

Fears related to automated driving as

pedestrian bicycle etc. user
No, no fear, anxiety or avoidance

61.07] 1174
28.80] 555

[54.59;

18.34] 57.86

[0.41;
[2.63;

4.59] 2.95

[14.57; 25.99] 6.31

[0.09;

16.93] 0.66
[70.23; 79.63] 19.66

[89.97; 93.66] 12.62 [9.29;

92.01

[23.75;

14.42] 26.19

[18.45; 43.13] 9.11

75.23

9.82
2.33

9.41]

[5.85;
[0.20;
[0.02;

7.44
0.46

0.1

Yes, a little fear, anxiety or avoidance
Yes, marked fear, anxiety or avoidance
Yes, strong fear, anxiety or avoidance

10.66] 201
8.60]

[7.76;
[5.42;

[38.36; 51.90] 29.28
[28.05; 41.88] 61.45

13.15] 45.04

4.71]

[7.26;
[1.14;

1.06]
0.40]

146

[46.48; 74.53] 6.84

34.64

Fears related to automated driving as

non-automated motorvehicle user

No, no fear, anxiety or avoidance

8.45] 64.64 [61.50; 67.65] 1322
25.12] 478

[0.17;
[9.20;

10.75] 1.23

[3.54;

34.96] 6.23
[57.97; 69.37] 28.19

[23.87;

[93.72; 96.52] 29.1

95.31

[20.37;

31.19] 22.66

35.17] 17.65

[29.18; 42.20] 24.48
[23.84; 37.32] 56.64

[22.12;

63.86
5.04
1.99

5.49]
0.88]
0.89]

[2.93;
[0.14;
[0.11;

4.02
0.

Yes, a little fear, anxiety or avoidance

143
133

7.86]

7.94]

[5.40;
[4.80;

35.51] 6.52
[42.61; 69.68] 6.18

[16.02;

35.42
30.15

7.68]

4.08]

[3.28;
[0.96;

36

Yes, marked fear, anxiety or avoidance
Yes, strong fear, anxiety or avoidance

1

0.3

Abbreviations: CI, confidence inter.
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regional variations in prevalence estimates, which warrants further stud-
ies to explore potential underlying factors, such as variations in public
transport facilities and fraction of rural population across counties.

Our findings stimulate and contribute to the development of a theo-
retical basis for the construct of ‘automatophobia’ and data highlight
the relevance of further elucidating the concept of ‘automatophobia’.
Our data suggests defining automatophobia as a form of specific phobia,
defined as clinically relevant fears, anxiety, and avoidance of actively
using or passively encountering vehicles moving in automated mode.
Notably, automatophobia appears to be distinct from fears related to
non-automated driving and other specific phobias. Clinically, our find-
ings call for action to develop diagnostic and therapeutic tools to address
clinically relevant fears and anxiety in the context of automated driving.
Economically, substantial fears and anxiety related to automated driving
may constitute a substantial barrier towards its broad introduction.
From a policy perspective, the findings call for special attention to pre-
vent automatophobia from challenging parts of a society strongly and
exclusively relying on automated mobility. Given the anticipated ubiqui-
tous presence of automated mobility, mental barriers towards its use can
be expected to lead to substantial individual suffering and even exclu-
sion from participation in daily living, with detrimental effects not only
on an individual, but also a societal level. This matter seems particularly
urgent given that our results indicate that demographic factors such as
age, gender, area of residence and — to a lesser degree — household
income are predictors of automatophobia. It stands to reason that these
factors might further entrench existing or create new dynamics of
inequality.

About 1 out of 5 subjects anticipates substantial fear and anxiety
towards driving with automated cars, in many cases going along with
considerable impairment, including a substantial percentage of subjects
that prospectively fulfilled the criteria of automatophobia as a form of
specific phobia. Automatophobia appears to be distinct from fears
related to non-automated driving and other specific phobias, while auto-
matophobia and fears related to active use or passive encounter of auto-
mated cars in road traffic largely overlap. Our findings call for special
attention to preventing automatophobia from challenging parts of a soci-
ety that increasingly relies on automated mobility.
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