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viding a first explanation of this effect. Research from other fields suggests that affective
reactions might be able to explain behavioral intentions and responses towards technol-
ogy, and that these affects vary depending on age levels. By examining a sample of 1603
participants representative for Germany (in terms of biological sex, age, and education)

Keywords: we found evidence that affective responses towards automotive cars (i.e., anxiety and plea-
Automated cars .. . . . s

Emotions sure) explain (i.e., mediate) the effect of biological sex on willingness to use them.
Age Moreover, we found that these emotional processes vary as a function of respondent age
Moderated mediation in such a way that the differential effect of sex on anxiety (but not on pleasure) was more
Willingness to use pronounced among relatively young respondents and decreased with participants’ age. Our
Gender results suggest that addressing anxiety-related responses towards automated cars (e.g., by

providing safety-related information) and accentuating especially the pleasurable effects of
automated cars (e.g., via advertising) reduce differences between men and women.
Addressing the anxiety-related effects in order to reduce sex differences in usage intentions
seems to be less relevant for older target groups, whereas promoting the pleasurable
responses is equally important across age groups.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction and motivation

It is expected that the introduction of automated cars will have profound effects on society and environment. Until today,
it is unclear whether society will rather benefit or suffer from them. Although it is argued that 93% of vehicle accidents are
human performance errors, which can be reduced by implementing assisting technology (U.S. Department of Transportation,
2008) it raises the question, whether assisting technologies should decide about life or death in critical situations, such as:
saving a pedestrians by sacrificing the driver? (Bonnefon et al., 2016). This dilemma might increase the conflicts of law
between producers of the technology and society. Moreover, it is argued that autonomous cabs can reduce travel costs,
because they need no driver (Burns et al., 2013), which could help people or cities with lower financial funds. However,
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on the other side, autonomous cabs, buses or trucks might also cause a shift in the labor force because human drivers could
get obsolete in the distant future. Automated cars might also contribute to the mobility of older drivers by assisting espe-
cially elderly people or people with disabilities to enhance their individual mobility and thus their participation in society
(Fagnant and Kockelman, 2015). However, this in turn can also lead to an increase in traffic density due to higher usage rates.

Furthermore, it is expected that autonomous cabs reduce greenhouse gas emissions, which contributes to a better CO,
mobility performance in comparison to traditional cars (Greenblatt and Saxena, 2015). However, if autonomous cabs are
driving around all the day without any break it is likely that there is an increase in energy consumption, whose amount can-
not be estimated yet (Wadud et al., 2016).

In sum, automated cars can help to improve current societal and environmental mobility problems such as high levels of
CO, emissions, accidents, and travel costs. However, the implementation of automated cars is likely to have adverse side
effects such as the loss of workplaces and higher traffic density. Given the tremendous efforts to put people away from cars
to other means of transport such as trains or bicycles, which compared to automated cars can be more eco-friendly and
sometimes healthier for the individual, one might argue that it seems contradictory to promote new technological concepts,
which might tempt people to intensify car usage. To clarify, our claim is not to argue that implementing automated cars is
the panacea in transportation. Rather we argue that it might be superior to traditional cars, and hence should be supported
compared to using conventional cars. Implementing automated cars should not reduce societal and political approaches to
promote cycling, walking or using public transport.

To facilitate the implementation of automated cars, it is necessary to reach early public acceptance among early adopters,
which, can be understood as people who are the most likely early buyers of a new technology (Bansal et al., 2016; P16tz et al.,
2014). However, research on automated cars has already indicated that population subgroups of society systematically differ
in their willingness to use automated cars. The two dominant biological sexes show consistent differences in terms of their
willingness to use automated cars. Men usually report higher tendencies to use automated cars. Addressing this difference
and trying to explain it might help to foster the implementation of automated cars within society.

We argue that one approach to explain gender differences in terms of willingness to use automated cars is to examine
people’s affective reactions towards these cars. For example, findings from research on electric vehicles has shown that affec-
tive reactions influence the intention to use them (Moons and De Pelsmacker, 2012). Interestingly, correlational results by
Kyriakidis et al. (2015) indicate that women in comparison to men associate higher levels of worry regarding automated cars.
These differences in affective responses have, so far, never been used to explain attitudinal differences between the two
dominant sexes in terms of automated cars. We argue that using this approach might help to explain (and consequently:
to overcome) these sex differences.

While examining the role of affective responses in order to explain differences between the two biological sexes, we
extend our analysis by also taking into account another important demographic variable, which has been shown to also
influence people’s automated car adoption intention: the chronological age of the evaluating person. As research on infor-
mation technology, which is highly prevalent in autonomous cars, has shown, older women tend to be more anxious towards
them than younger women (Czaja et al., 2006).

To sum up, previous research has found sex differences in the willingness to use automated cars, but did not provide any
examination of variables potentially explaining this difference. However, examining the variables underlying this sex differ-
ence is a necessary step in order to address and mitigate this difference, which seems reasonable in order to promote societal
acceptance of automated cars. Our research is the first to examine explanatory variables which might account for differences
between sexes in their intention to use automated cars. We argue that affective responses towards automated cars might
serve as variables explaining the sex difference regarding the use of automated cars.

Furthermore, when examining affective responses as explaining variables we take positive as well as negative affective
responses into account at the same time. This approach provides first answers of the questions whether both affective
valences, positive as well as negative, are simultaneously operative and if so to what extent. Should interventions be based
on both, fostering pleasure and reducing anxiety towards automated vehicles? Our research will provide a first answer of the
relative importance of accentuating positive aspects or mitigating negative connotations of automated cars.

Finally, previous research has not yet looked at the role of chronological age as a variable influencing these effects.
Addressing age seems particularly important when examining people’s affective reactions towards automated cars. Existing
research has started to examine the direct effects of age in intentions to use automated cars, but failed to address whether
this variable influences the effects of other variables (in this case: biological sex) on intentions to use automated cars. There-
fore, we examine the potentially moderating effects of age on the effects of biological sex. By doing so, our findings will pro-
vide some first answers on how interventions might be adapted to different age groups. Do emotions become less relevant as
explanatory variables as age increases? If so, target-group specific interventions should be adapted accordingly.

2. Background and existing literature

This section summarizes current empirical evidence in public opinion surveys about the adoption of automated cars,
which have found connections between biological sex and the willingness to use them. Furthermore, this section includes
studies, which have considered affective reactions towards automated cars.

First evidence about sex differences were mentioned by a study of Ernst and Young (2013), which conducted a survey of
1000 respondents in Germany. They provided descriptive results, which begin to show that men could easier imagine to use
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automated cars then women. A study from Schoettle and Sivak (2014), which examined the acceptance towards automated
cars in the U.S. (N=501), U.K. (N =527), and Australia (N = 505) found correlative support that men compared to women
could easier imagine to automated cars. Subsequently, Payre et al. (2014) examined the willingness to use automated cars
among an unrepresentative French sample (N = 421) and found predictive evidence that men in comparison to women were
more likely to use them. Recently, findings from Kyriakidis et al. (2015) and Bansal et al. (2016), which have focused on other
behavioral aspects, i.e., the willingness to pay, found that men compared to women, were willing to pay more for automated
cars. In sum, research on automated cars has shown that biological sexes quite systematically differ in their willingness to
use them. Note that these findings did not provide any empirical examination of the reasons underlying this difference
between the two sexes.

Interestingly, further differences between biological sexes towards automated cars were found regarding their affective
reactions. For example, the results by Kyriakidis et al. (2015) indicate that women tend to worry more about issues related to
automated cars than men. Such findings raise the question whether differences in the experience of affective reactions
between sexes might explain differences in their willingness to use automated cars, which so far, was not examined in exist-
ing research.

When focusing on the role of demographics on adoption intentions towards automated cars another variable beside bio-
logical sex was found to be important: chronological age. For example, Payre et al. (2014) found that as age increases the
intention to use automated cars decreases. The same difference was observed by Schoettle and Sivak (2014) who found that
younger people in comparison to older people were more interested using self-driving technology. Further support for age
differences in the behavior towards automated cars were found by Kyriakidis et al. (2015) and Bansal et al. (2016), who
showed that younger people in comparison to older people are willing to pay more for them. These direct effects of chrono-
logical age on the willingness to adopt automated cars indicate that chronological age might be an important variable when
examining behavioral tendencies towards them. Previous research on automated cars did not address age as a variable influ-
encing the effects of other variables on attitudes towards automated cars.

To sum up, current research has indicated sex differences in the willingness to adopt automated cars, but did not provide
any explanation for this difference. Therefore, we introduce variables which might be able to explain this difference.
Research has found sex differences regarding affective reactions towards automated cars but not examined their potential
role as explanatory variable for the effect of sex on the willingness to use. We address this gap by examining the potential
relevance of affective responses as variables explaining differences in biological sex. Additionally, it remains unclear whether
the influence of positive, negative or both affective reactions explain the sex difference towards the willingness to use auto-
mated cars and if so to what extent. Does the sex difference towards automated cars exist because men are more positively
stimulated by them than women or do women feel more anxious about them? To address this unanswered question we
simultaneously introducing positive and negative affective responses towards automated cars as mediators. Furthermore,
current research has not considered the role of chronological age when examining the effect of biological sex on affective
reactions. Thus, we, for the first time, examine if sex differences on the willingness to use automated cars through affective
reactions might vary with participants’ age.

The research model in Fig. 1 describes our assumption that sexes differ in their willingness to use automated cars (H1).
Furthermore, it describes the extension of existing research by arguing that biological sexes differ in their emotional
experience towards automated cars (H2a, H2b), which causes the difference in their willingness to use them (H3a, H3b).
Hereby, we differentiate between positive and negative affective responses. Moreover, it includes our assumption that sex
differences due to affective reactions towards the willingness to use automated cars depend on participants’ age (H4).
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Fig. 1. The conceptual moderated mediation model. Note. Dashed lines indicate our extension of current findings between biological sex differences
towards the willingness to use automated cars.
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3. Method
3.1. Procedure

An online questionnaire was distributed between February and November 2014 through social media channels and two
different survey providers in Germany. Using a web-based method to gather public opinions, has been found to be a reliable
tool in social research for quantitative research (Weigold et al., 2013). In general, Internet samples are relatively diverse with
respect to socioeconomic status or demographics (Gosling et al., 2004). Given our balanced sample in terms of age, sex, and
education we aimed to reduce potential biases of Internet samples such as lower rates of Internet access from people with
lower education.

Participants were informed that the aim of the questionnaire is to figure out how people assess and evaluate future tech-
nologies. The questionnaire consisted of several parts; the analyses in this report are limited to the first two sections of the
survey. In the first part participants had to answer questions regarding their demographics as well as psychographics. In the
second part, participants read three vignettes in a row for different levels of automated cars (i.e., partially-automated, highly-
automated, fully-automated; see Appendix B). Each vignette described the primary functions of each level of automation
derived from the definitions by the American national highway traffic safety administration (level 2-4) (NHTSA, 2013)
and the German federal highway research (level 3-5) (BASt, 2012). Thereby, the level of automation describes the technical
ability of the technology in accordance to its maturity. For example, NHTSA (2013) classifies the automated car level 2 as a
level, where two primary control functions, such as steering and accelerating are controlled by the car. The same institution
characterizes an automated car level 3 by the same means, where the driver additionally only needs to be available for occa-
sional interventions. The final level 4 automation definition from the NHTSA (2013) describes a vehicle, where the driver no
longer has to be available for interventions anymore. Rather the only input the vehicle needed is the final destination.

Thus, each vignette exemplified the objective levels of automation based on the currently accepted definitions. After each
vignette, participants had to indicate their emotions as well as their willingness to use (different levels) of automated cars.

3.2. Sample

A sample of 1603 people (51.3% females) with an average age of M = 48.51 years (SD = 15.64) took part in our study. Most
people had a lower (i.e., less than 10th grade, primary school; 39.3%), followed by an intermediate (i.e., till 10th grade, sec-
ondary school I; 31.7%), and higher (i.e., above 10th grade, secondary school II; 29%) educational degree. Approximately 59%
of the participants were employed. A total of 86.5% were in possession of a driver license and 73.9% were in possession of a
car. To achieve a German representative sample in terms of age, sex, and education we calculated corresponding cell sizes by
analyzing data from the German Federal Statistical Office (FSO, 2012) (see Appendix C) and provided the resulting cell size
requirements to the data collectors in order to achieve representativeness. The corresponding cell sizes are calculated based
on a combination of six different age classes, paired with the number of biological sexes within this age class and their edu-
cational background in the German population. As the data providers over-delivered the number of respondents for each cell,
which led to a bias in the representativeness of our sample, we had to randomly remove 303 cases prior to analyses in order
to avoid skewed cell sizes of specific population subgroups that would not be in line with the general population.

3.3. Analytical procedures

Data analyses were performed by using the PROCESS macro by Hayes (2012) for SPSS. The macro uses regression-based
analyses and is able to combine continuous independent and mediator variables with a dichotomous dependent variable. For
continuous variables, PROCESS estimates outcomes by ordinary least square (OLS) estimation, while for binary variables
PROCESS estimates outcomes by logistic regression estimation. Hence, the effect of sex on emotional appraisal (i.e., a-
path) as well as the effect of age on the association between sex and emotional appraisal (i.e., moderation) were examined
by OLS. The effect of sex on usage (i.e., c-path) as well as the effect of emotional appraisal on willingness to use (i.e., b-path)
were conducted by logistic regression estimation.

Furthermore, in all our analyses we included vignette dummies, and source of data dummies as covariates to control for their
confounding influence. In our model, the willingness to use served as the dependent variable, whereas biological sex served as
the independent variable. The affective reactions were entered as the potential mediators. To examine the function of people’s
age and sex on the experience of emotion, age was included as a moderator between sex and anxiety as well as pleasure.

3.4. Measures

Anxiety towards (different levels of) automated cars is operationalized analog to Venkatesh (2000), where anxiety can be
seen as an “individual’s apprehension, or even fear, when she/he is faced with the possibility of using” (p. 349) a technology
such as automated cars. To distinguish between positive and negative emotions, each affective response was measured by a
single-item question on a 7 point Likert scale. To indicate the anticipated pleasure towards (different levels of) automated
cars, participants were asked: ‘How much pleasure would driving such a car provide for you?’ Prospected levels of anxiety
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were captured by asking participants: ‘How frightening would such a car be for you?’ Pleasure labels were anchored with
‘0 = almost no pleasure’ and ‘6 = very much pleasure’, while for anxiety the anchors were ‘0O = not scary at all’ and ‘6 = very
scary’. Subsequently, the behavioral intention towards (different levels of) automated cars was acquired by asking: “Were
you willing to use such a car today?” Participants could then indicate their willingness on a binary scale (i.e., ‘0=no’ vs.
1 ="‘yes’). Sex was indicated by checking a box were ‘0 = male’ vs. ‘1 = female’.

4. Results

Our results obtained were calculated in a single model (see Fig. 3 for final results). The findings presented in the result
section were presented separately to facilitate readability and confirmability. Correlations between our variables used can
be found in Table 1.

4.1. Main effects

To test hypotheses H1-H2b we used a regression-based approach where sex was entered as the predictor variable and
willingness to use served as criterion. Age, education, vignette dummies, and source of data dummies were included as
covariates. As expected, the results showed that it is more likely that automated cars will be used by men (B = —0.45,
OR = 0.64, p < 0.001, 95% CI: —0.57 to —0.34), which confirms hypothesis H1. Additionally, higher levels of anxiety were more
likely for females (B =0.23, p<0.001, 95% CI: 0.17-0.28), whereas higher levels of pleasure were more likely for men
(Bp=-0.17, p<0.001, 95% CI: —0.23 to —0.11), which supported our Hypotheses H2a and H2b. Moreover, as age increases,
people showed lower levels of pleasure (B = —0.05, p < 0.001, 95% CI: —0.09 to —0.02) but not anxiety (p=—-0.01, p=0.73,
95% CI: —0.04 to 0.03).

4.2. Multiple mediation analysis

To examine whether anxiety and pleasure mediate the influence of sex on willingness to use (i.e., hypotheses H3a and
H3Db), we performed a regression-based mediation analysis based on the PROCESS macro for SPSS (model 4; 5000 bootstrap
samples) by Hayes (2012). The model 4 in the PROCESS syntax is able to calculate a regression-based mediation analysis,
with one dependent as well as independent variable, covariates, and multiple mediators simultaneously. A detailed formula
can be found in Hayes (Hayes, 2013, p. 127). In our analysis sex served as the predictor and willingness to use as the criterion
(age, education, vignette and source of data dummies were again included in the model as covariates in order to control for
their influence). Pleasure and anxiety served as the putative mediating variables. The original effect of sex on willingness to
use (c path, B=-0.45, OR = 0.64, p <0.001, 95% CI: —0.57 to —0.34) was reduced (but still significant) when anxiety and plea-
sure were entered into the model (¢’ path, B=-0.29, OR =0.74, p < 0.001, 95% CI: —0.45 to —0.13) indicating a mediating
effect of pleasure and anxiety. Confirming our Hypotheses H3a and H3b, anxiety and pleasure were able to partially explain
the effect of sex on willingness to use (point estimate of indirect effect of anxiety: —0.16, 95% CI: —0.20 to —0.12; and plea-
sure —0.33, 95% CI: —0.43 to —0.21). When comparing the indirect effects of sex on willingness to use through anxiety and
pleasure, we observed that the specific indirect effect through pleasure is larger than the specific indirect effect through anx-
iety (point estimate = 0.17, OR = 1.19, 95% CI: 0.06-0.27).

4.3. Moderation analysis

To test the moderating effects of age on the association between sex and the appraisal (i.e., Hypothesis H4) of emotions
we evaluated the PROCESS output (model 1; 5000 bootstrap samples) by Hayes (2012) in order to assess whether the effects
of sex on anxiety and pleasure varied as a function of age. The model 1 in the PROCESS syntax is able to calculate a
regression-based moderation analysis by automatically creating a product term out of the dependent and the moderator
variable. A detailed formula can be found in Hayes (2013, p. 214). In our analysis sex served as the predictor while anxiety
and pleasure served alternately as the criterion (sex, education, source of data, and vignette dummies were again included in
the model as covariates in order to control for their influence). Age was entered as the moderating variable. Results partly
confirmed our hypotheses: We observed a significant moderation effect for the interaction term of sex and age on anxiety

=-0.08, p <0.01 (95% CI: —0.14 to —0.02), but not for the effect of the interaction term of sex and age on pleasure (p = 0.05,
p=0.09, 95% CI: —0.01 to 0.11). As recommended by Aiken and West (1991), follow-up analyses examined the strength of
sex at low levels of age (i.e., 1 SD below the mean), moderate levels of age (i.e., at the mean of age), and at high levels of age
(i.e., 1 SD above the mean) on anxiety. Interestingly, age influenced the effect of sex on anxiety perceptions for low (B = 0.30,
p <0.001, 95% CI: 0.23-0.38), moderate (B =0.22, p<0.001, 95% CI: 0.17-0.28), and high levels (1 SD above the mean)
(p=0.15, p<0.01, 95% CI: 0.06-0.23) of age and therefore partially supported our hypothesis H4. Fig. 2 shows the details
of the interaction, indicating that sex differences in the perception of automated cars are more pronounced between young
men (vs. young women) but decline as age increases. The smallest difference in the evaluation of anxiety between sexes was
found between old men (vs. old women).



C. Hohenberger et al./ Transportation Research Part A 94 (2016) 374-385 379

Table 1
Means, standard deviations, skewness, kurtosis, and correlations among variables.
M SD SK KU Range (1) (2) 3) (4) (5)

(1) Age 48.51 15.63 -0.18 -1.00 15-87 (=) 0.02 0.00 —0.05** 0.06**
(2) Sex 1.51 0.50 —0.05 -1.99 0.02 (=) 0.12** —0.09** 0.12**
(3) Anxiety 3.89 2.04 0.04 -1.26 1-7 0.00 0.12* (=) -0.31** 0.35"
(4) Pleasure 3.56 2.09 0.20 -1.29 1-7 —0.06** —0.09** -0.31* (=) 0.67*
(5) Willingness to Use 1.48 0.50 0.07 -1.99 1-2 -0.07** -0.12* -0.35*" 0.67** (=)

Note. ** p <.01, M = Mean, SD = Standard Deviation; SK = Skewness, KU = Kurtosis, code for sex 1 =male, 2 = female, N=1603. Since most skewness and
kurtosis values are within the range of —1.00 and +1.00 suggested by Muthén and Kaplan (1985) parametric analyses seem justified. Pearson correlation
above main diagonal and Spearman correlation below main diagonal.

20 - Age
[~ -1SD below the mean

~
|~ Mean
+1 SD above the mean

-10 1

=20

T T
Male Female

Sex

Fig. 2. Illustrating the moderation of sex on anxiety with different levels of age. Note. Standardized values were used for analysis.

4.4. Exploratory analyses: moderated mediation

Our simple mediation analysis provided evidence of a negative indirect effect of sex on willingness to use through anxiety
as well as a positive indirect effect of sex on willingness to use through pleasure. Moreover the moderation analysis indicates
that the effect of sex on emotional appraisal (i.e., anxiety) depends on the evaluators’ age. Combining these with the findings,
it seems obvious that the indirect effect of sex on willingness to use through anxiety depends on levels of age. To test for a
moderated mediation (i.e., Hypothesis H5) we, again, used PROCESS (model 7; 5000 bootstrap samples). This model combi-
nes the aforementioned models (i.e., model 4, model 1) into a single model. The model 7 in the PROCESS syntax is able to
calculate a moderated mediation analysis. A detailed formula can be found in Hayes (2013, p. 338). In our analysis, sex
was entered as the predictor and willingness to use as the criterion. Age served as the moderator variable, while anxiety
and pleasure served as mediating variables. Again, education, vignette dummies, and source of data dummies were included
as covariates. And indeed, the index test of moderated mediation, which is “a test of linear moderated mediation in path
analysis based on an interval estimate of the parameter of a function linking the indirect effect to values of a moderator”
(Hayes, 2015, p. 1), did not include zero and hence indicated a significant effect of sex on willingness to use through anxiety
for different levels of age (95% CI: 0.02-0.09). The point estimates and confidence intervals can be found in Table 2. As indi-
cated, the indirect effect of sex on willingness to use through anxiety was negative for people with relatively low (i.e., —1 SD
mean; —0.21, 95% CI: —0.27 to —0.15) moderate (i.e., mean; —0.16, 95% CI: —0.20 to —0.11) and high levels of age (i.e., +1 SD
mean; —0.10, 95% CI: —0.16 to —0.04). Thus, the indirect effect via anxiety decreased as respondent age increased, which
supported our Hypothesis H5.

Fig. 3 shows the final results of our model. As reported women were more likely to associate anxiety and not pleasure
with automated cars, whereas the effect was reverse for men. Additionally, the model shows that higher levels of anxiety
lead to lower, whereas higher levels of pleasure lead to a higher willingness to use automated cars. Moreover, it shows that
the difference in the association of emotions towards automated cars, partially accounts for the observed sex difference in
the willingness to use automated cars. Moreover, the model shows that respondents’ age was able to moderate the media-
tion effect of anxiety but not pleasure between sex and the willingness to use automated cars (see Table 3).
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Table 2
Conditional indirect effect of sex on willingness to use through anxiety at values of age.
Age Anxiety
Point estimate 95% Bias-corrected bootstrap confidence interval

Low -1.00 -0.21 —0.27 to —0.15

Moderate 0.00 -0.16 —0.20 to —0.12

High +1.00 -0.10 —0.16 to —0.05

Age |p=-.08*
l Anxiety B =-.69*, OR = 0.50
p=.23%

[0 =male;
1 = female]

p=-17* B =1.89%, OR = 6.62
T Pleasure
ﬁ = 0% s

Fig. 3. Final result of the moderated mediation model. Note. " p < 0.05; p = standardized regression coefficient; B = maximum-likelihood based logistic
regression coefficients; OR = Odds Ratio; c = effect of sex on the willingness to use without controlling for anxiety and pleasure; ¢’ = effect of sex on the
willingness to use when controlling for anxiety and pleasure.

Table 3
Status of postulated hypotheses.

Hypotheses Status

H1: Men in comparison to women will show a higher level of willingness to use automated cars

H2a: Men are more likely to associate positive emotions towards automated cars than women

H2b: Women are more likely to associate negative emotions towards automated cars than men

H3a: The effect of gender on the willingness to use automated cars is mediated through positive emotions
H3b: The effect of gender on the willingness to use automated cars is mediated through negative emotions
H4: With increasing age, men compared to women, exhibit lower levels of emotional intensity towards automated = (partially: only for

AV VAR WA

cars anxiety)
H5: The indirect effect of gender on willingness to use trough emotions is greater for low levels of chronological age »~ (partially: only for
anxiety)

5. Discussion

In this section, we present our overall findings and discuss to what extent they provide an answer why biological sexes
differ in their willingness to use automated cars and how they do. We start by answering the question why biological sexes
differ in their willingness to use automated cars. With our multiple mediation analysis we show that the difference between
sexes towards the willingness to use automated cars could be partially explained by the affective reaction towards them.
Thus, we were for the first time able to show, why biological sexes differ in their willingness to use automated cars: The
reason for this difference lies in both, positive as well as negative affective responses towards automated cars. In particular
we found that here was a higher likelihood that men anticipate pleasure and not anxiety, which in turn was for both sexes
associated with a higher willingness to use automated cars. Conversely, it was more likely that women anticipate anxiety
and not pleasure, which in turn was associated for both sexes with a lower willingness to use automated cars. Thus, the bio-
logical sex difference on the willingness to use automated cars occurs, because women do not just feel less pleasure towards
automated cars, they additionally feel more anxious towards them. Conversely, men do not just feel more pleasure towards
automated cars, they additionally feel less anxious towards them. These results obtained extend existing research on
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automated cars and might be transferred to explain sex differences in various areas of technology. Thus, our research might
contribute to go beyond mere automated car research.

Additionally, by employing a moderated mediation we provided first evidence on whether the indirect effect of sex on
willingness to use automated cars through anxiety and pleasure varies with levels of chronological age (for a similar
approach see: Bekk et al. (2016)). This provides an answer to the question how biological sexes differ in their willingness
to use automated cars. Thereby, the indirect effect of sex on willingness to use automated cars through pleasure, did not vary
with participants’ age, indicating that pleasure seems equally important for all age groups. However, the indirect effect of sex
and willingness to use through anxiety did vary for different levels of age. Thus, the negative effect of anxiety on willingness
to use depends on levels of the moderator. With increasing levels of chronological age, the effect of sex on willingness to use
through anxiety was reduced due to a decreased magnitude in the difference of anxiety perceptions between sexes. Thereby,
the indirect effect of sex on willingness to use through anxiety was strongest for young women and old men, slightly
decreased for middle-aged men and women, and was least strong for young men and old women. These effects answered
the question whether the effect of sex on affective reactions towards automated cars varies as a function of the chronological
age of a person.

Noteworthy, the pattern regarding the differences of sexes on the perception of anxiety dependent on chronological age
was somehow contrary to our expectations. We assumed that sex differences on the perception of anxiety are more pro-
nounced between elderly men and women rather than between young men and women. This finding may be due the fact
that life experience rather than natural aging processes determinates the appraisal of negative effect (Thomsen et al.,
2005). Because men are more frequently involved in traumatic traffic events during their lifetime, such as the severity
and frequency of accidents, than women (Al-Balbissi, 2003), their experience of negative emotions is solely higher.
This experience could manifest itself in the late adulthood and be influenced by higher safety concerns of elderly towards
technology in general (Mitzner et al., 2010).

6. Conclusion
6.1. Research contributions

Our study extends the current state of research by providing three contributions which, so far have not been addressed,
but help to explain existing findings:

o We differentiate between the explanatory variance of positive and negative affect when controlling for each other on the
willingness to use automated cars.

e We show that affective reactions can explain sex differences in the willingness to use automated cars: the two biological
sexes in terms of positive as well as negative affects and these affects, in turn, explain willingness to use automated cars.

e We provide evidence that the effect of sex on affective reactions towards automated cars varies as a function of the
chronological age of a person.

6.2. Implications for practice and policy

Our study provided insights for the question why biological sexes differ in their willingness to use automated cars. In par-
ticular, we found that especially emotions have different importance for each sex when thinking about the willingness to use
automated cars. Albeit, men are more likely to adopt automated cars in general, their willingness to do so is primarily
enhanced by highlighting positive emotions, which in turn should be fostered by simultaneously avoiding to elicit feelings
of anxiety. With regard to women, their willingness to use automated cars can be enhanced by reducing negative emotions
and in the same way by stimulating positive emotions. Thus, policy or marketing campaigns should be tailored to success-
fully reduce sex differences in the intention to use automated cars, which in turn can increase the number of adopters. To
foster positive emotions in men, policy or automaker campaigns should target them by activating status motives when pro-
moting automated cars (Steg, 2005). For example, they can advertise with slogans like: “Be the first adopter”. To evoke pos-
itive emotions in women, policy campaigns could highlight that automated cars provide comfort in terms of protection, such
as feeling safe, due to the fact that for women, feelings of security when using means of transportation seem more important
than for men (Gardner and Abraham, 2007). To reach a broad mass, policy campaigns should try to induce these different
emotional images about automated cars through communication channels like TV, newspaper, and internet. This would
be a more convenient approach, due to the fact that evoking emotions only requires minimal stimulus material, like pictures,
and emotions are inducible (Murphy and Zajonc, 1993).

Further measures to avoid feelings of anxiety for both sexes could be the implementation of emergency buttons, which
allow the disruption of the automation mode. Policymakers could, additionally, think about promoting end-user trainings
especially tailored for women. It was found that this measure enhances self-efficacy beliefs, which in turn reduce feelings
of anxiety (Bandura, 1988; Venkatesh, 2000). Moreover, given the moderating effect of age on the effect of sex on willingness
to use through anxiety, which leads to a more pronounced sex difference between young men and women, programs such as
end-user trainings should especially target young women.
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6.3. Implications for theory

In terms of theory, authors who focused on the acceptance of technology and have considered emotions as potential dri-
vers of adoption (e.g., Venkatesh, 2000) should consider moderation effects of chronological age on the association between
sex and emotional appraisal. Frequently used theoretical models like the technological acceptance model (Davis, 1989) or
the unified theory of acceptance and use of technology (Venkatesh et al., 2003) could add incremental predictive validity
to their models by considering both valences of emotions, positive and negative (see also Welpe et al. (2012)), and the
interplay between age and sex towards the effects of these emotions.

Moreover, we provide evidence that negative emotions do not necessarily have the same impact on behavioral
consequences for sexes at all levels of age. Instead, albeit their negative valence, the appraisal of emotions varies with sex
depending on respondents’ chronological age. Given the mixed results of sex differences towards technology as age
increases, it seems mandatory to extend previous findings on the acceptance of technology to figure out if the negative effect
of other discrete emotions such as anger or fear are influenced by participants’ age.

Additionally, focusing on automated cars in special, object-specific perceptions regarding their perceived risks might
account for sex differences towards the willingness to use them. Women were found to associate higher risks with motorized
vehicles than men (Flynn et al,, 1994), which in turn reduced their adoption intentions (Featherman and Pavlou, 2003).
Hence, future research should take into account subjective risk perceptions towards automated cars such as dread to exam-
ine their potential mediating effects on the effect of sex on usage intentions through risk. On the person side, as previous
research has indicated, someone’s own risk taking behavior can influence the behavior towards technology (cf.
Parasuraman, 2000) and thus should be considered in further research on automated cars.

6.4. Limitations and outlook

Our effects observed are limited by the fact that only the notion of Western Europe people have been captured. People
from Western Europe have shown to put weight on different values than for instance parts in the United States like affective
autonomy or hierarchy (Schwartz, 2006). However, values play a role in the adoption for technology adoption (Leidner and
Kayworth, 2006). Given the fact that automated cars determine the functions of the car and hence are highly autonomous,
people from other nations like the US, might put a different weight on the emotional appraisal towards them. Furthermore,
although, we found that emotions can reduce biological sex differences towards the willingness to use automated cars, we
were not able to fully explain these differences. Thus, further research should examine the influence of other discrete emo-
tions, which have been found to differ between sexes such as contentment or sadness (cf. Brebner, 2003).

Appendix A. Measurement

English version German version

Anxiety

How frightening would such a car for you? Wie bedngstigend wadre ein solches Auto fiir Sie?

Pleasure

How much pleasure would driving such a car provide = Wieviel Freude wiirde es Ihnen bereiten, ein solches Auto zu
for you? fahren?

Willingness to use
Were you willing to use such a car today? Wadren Sie bereit, heute ein solches Fahrzeug zu nutzen?

Appendix B. Vignette

English version German version

Partially automated

Imagine your car is able to park by itself. You do not need Stellen Sie sich vor, dass Ihr Auto selbststdndig einparkt
to accelerate, brake or steer the wheel. Your car drives ohne das Sie Gas, Bremse oder Lenkrad bedienen miissen.
autonomous in the city, the countryside, or the highway Ihr Auto fdhrt selbststdandig in der Stadt, auf der
and holds the distance to the car in front of you as well LandstraRe oder der Autobahn und hdlt dabei den Abstand
as the lane automatically. Your car needs time to react zum Vordermann sowie die Fahrspur. Ihr Auto benétigt
(e.g., stop to standstill) towards sudden obstacles (e.g., Zeit um auf plétzliche Hindernisse (z.B. einscherendes
reeving car, mobile road works). It recognizes traffic Auto, Wanderbaustelle) zu reagieren (z.B. bis zum
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English version

German version

signs (e.g., speed limit) and is able to adopt the speed
respectively (beyond national borders). However, you
have to permanently observe the drive. Your car is not
able to change the line (e.g., due to an obstacle)
autonomously. Your car is not able to detect changes on
the road (e.g., snow, aquaplaning) and to adopt the
speed. You can always take control of the system (e.g.,
break or steer) whether the car is going to make a
mistake. During the whole time you are capable to take
control of the car. You can turn off the system (e.g., on/
off switch) if you do not want to use it

Highly automated

Imagine your car is able to do everything that a partially-
automated car can do. However, now, it can
autonomous react towards sudden obstacles (e.g.,
reeving car, mobile road works). Moreover, now, it
detects changes on the road (e.g., snow, aquaplaning).
Now, it is possible for you for a short time to turn away
from the driving (e.g., to phone, write an email, to read)
until your car informs you to take over the control. If you
do not take over the control and a collision could occur,
the car autonomously brakes until it stands still. Your
car is still not able to change the lane by itself. During
the whole time you are capable to take control of the car
(e.g., break or steer). You can turn off the system (e.g.,
on/off switch) if you do not want to use it

Fully automated

Imagine your car is able to do everything that a highly-
automated car can do. However, now, it additionally is
able to autonomous change lanes (by slow as well as by
high speed) and to break in critical situations - and if
necessary to drive to the emergency lane. Your car
recognizes if your physical condition is impaired (e.g.,
heart attack, stroke) and takes over the steerage
(accelerates/breaks and steers). In the same time the car
is able to transmit an emergency call. Now it is possible
for you to turn away from the drive for a longer period of
time (e.g., sleep, watch TV). During the whole time you
are capable to take control of the car (e.g., break or
steer). You can turn off the system (e.g., on/off switch) if
you do not want to use it

Stillstand bremsen). Es erkennt Verkehrszeichen (z.B. Ges
chwindigkeitsbeschrankung) und kann die
Geschwindigkeit entsprechend anpassen (iiber
Liandergrenzen hinweg). Sie miissen jedoch permanent das
Fahrgeschehen iiberwachen. Ihr Auto kann keinen
Fahrstreifenwechsel (z.B. bei einem Hindernis)
selbststandig vornehmen. Ihr Auto ist nicht in der Lage
Verdanderungen der Fahrbahn (z.B. Schnee, Aquaplaning)
zu erkennen und die Geschwindigkeit an diese
anzupassen. Sie kdnnen eingreifen (z.B. durch Bremsen
oder Lenken), wenn das Auto einen Fehler macht. Sie
bleiben daher die ganze Zeit iiber in der Lage, wieder die
Fahrzeugfiihrung zu tibernehmen. Sie konnen das System
ausschalten (z.B. mit einem Ein/Aus Taster), wenn Sie es
nicht benutzen méchten

Stellen Sie sich nun vor, Ihr Auto kann alles was ein
teilautomatisiertes Auto kann. Jedoch kann es zudem
eigenstdndig sofort auf plotzliche Hindernisse (z.B.
einscherendes Auto, Wanderbaustelle) reagieren. Dariiber
hinaus erkennt es Verdnderungen der Fahrbahn (z.B.
Schnee, Aquaplaning). Es ist Ihnen jetzt moglich sich fiir
einen kiirzeren Zeitraum (z.B. Telefonieren, email
Schreiben, Lesen) vom Verkehrsgeschehen abzuwenden,
bis ihr Auto Sie darauf aufmerksam macht, wieder selbst
die Steuerung zu iibernehmen. Sollten Sie nicht reagieren
und eine Kollision bevorstehen, bremst das Auto
selbststdandig, wenn nétig, bis zum Stillstand ab. Ihr Auto
kann jedoch weiterhin nicht selbstdndig den Fahrsteifen
wechseln. Sie kdnnen weiterhin eingreifen (z.B. durch
Bremsen oder Lenken), wenn das Auto einen Fehler macht.
Sie bleiben die ganze Zeit tiber in der Lage, wieder die
Fahrzeugfiihrung zu tibernehmen. Sie konnen das System
ausschalten (z.B. mit einem Ein/Aus Taster), wenn Sie es
nicht benutzen méchten

Stellen Sie sich nun vor, Ihr Auto kann alles, was ein
hochautonomes Auto kann. Jedoch kann es zusatzlich
eigenstdndig Fahrstreifen wechseln (bei niedriger als auch
bei hoher Geschwindigkeit) und in Gefahrensituationen
bis zum Stillstand bremsen und - wenn moglich - auf den
Seitenstreifen fahren. Ihr Auto erkennt zusdtzlich, wenn
Sie korperlich beeintrdchtigt sind (z.B. Herzinfarkt,
Schlaganfall) und {ibernimmt weiterhin fiir Sie die
Steuerung des Autos (Gas geben/Bremsen und Lenkung).
Zeitgleich setzt es einen Notruf ab. Sie kénnen sich jetzt
tiber einen ldngeren Zeitraum (z.B. Schlafen, Fernsehen)
vom Verkehrsgeschehen abwenden. Sie kénnen eingreifen
(z.B. durch Bremsen oder Lenken), wenn das Auto einen
Fehler macht. Sie bleiben daher die ganze Zeit iiber in der
Lage, wieder die Fahrzeugfiihrung zu iibernehmen. Sie
kénnen das System ausschalten (z.B. mit einem Ein/Aus
Taster), wenn Sie es nicht benutzen méchten
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Appendix C. Characteristics of the sample

Sample German population

Total Male Female Total Male Female

N % N % N % N¢ % N* % N* %
Age groups
<20 years 31 1.9 17 1.0 14 0.9 1630 24 871 1.27 759 1.11
20-29 years 231 144 114 74 117 7.3 9732 142 4961 7.2 4771 7.0
30-39 years 232 145 117 73 115 7.2 9783 143 4935 7.2 4848 7.1

40-49 years 317 198 159 99 158 99 13505 19.7 6882 10.0 6623 9.7
50-59 years 278 174 139 87 139 8.7 11808 17.3 5843 8.5 5965 8.7

>60 years 514 32.1 235 147 279 174 19536 322 9817 14.3 12194 179
Education
Low" 630 393 306 19.1 324 202 25860 37.7 12567 184 13293 19.3
Intermediate© 508 31.7 230 143 278 174 20500 299 9232 13.5 11268 164
High? 465 290 245 153 220 13.7 18956 27.7 10049 14.7 8907 13.0
Working status
Employed 745 46.8 378 238 367 23.0
Self-employed 119 7.5 66 4.2 53 33
Student 138 8.7 70 4.4 68 43
Homemaker 100 6.3 10 0.6 90 5.7
Unemployed 69 43 33 2.0 36 2.3
Retired 420 264 217 136 203 12.8
Car ownership
Yes 1185 739 604 37.7 581 36.2
No 418 26.1 177 11.0 241 15.1
Driver license
Yes 1387 865 694 433 693 432
No 216 135 87 5.5 129 8.0
Note.

2 In thousand.

b Secondary school until 9th grade [German: Hauptschule].

€ Includes polytechnic secondary school and secondary school until 10th grade [German: Polytechnische Oberschule and Realschule].
4 Includes secondary school above 10th grade [German: Fachhochschulreife and Hochschulreife].
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