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aDepartment of Psychology, Safety Research Unit, Middle East Technical University, Ankara, Türkiye; bThe Swedish National Road and 
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ABSTRACT
The acceptance of automated vehicles and advanced vehicle technologies by users is subject 
to different human factors variables. Personality, technology adoption, and prior previous 
knowledge about the systems have been significant determinants of people’s attitudes toward 
new technologies across different settings. The present study examined the effects of 
technology adoption, knowledge of vehicle automation, and personality on the preferred 
level of vehicle automation in Türkiye and Sweden. The study was conducted with 297 drivers 
from Türkiye (age: M = 22.47, SD = 2.83) and 332 drivers from Sweden (age: M = 30.06, 
SD = 10.48). Participants completed a questionnaire regarding technology adoption, knowledge 
and preference of vehicle automation, and the Basic Personality Traits Inventory (BPTI). The 
findings indicated that high technology adoption was associated with preferring higher levels 
of automation. Furthermore, drivers from Türkiye, in comparison to drivers from Sweden, and 
drivers with previous knowledge of high or full automation, compared to those who have not 
heard of these systems in the two countries, expressed a preference toward higher levels of 
automation. High extraversion and openness to change were associated with high technology 
adoption, leading to preferring vehicles with higher levels of automation. Overall, the results 
indicated that drivers’ knowledge of automated vehicles and general traits, such as personality 
and technology adoption, play a role in vehicle preference. The study analyzed the factors 
that affect user acceptance of automated vehicles and offered insights into their 
interrelationships across two countries with differing levels of road safety.

From level 0 to level 5 (SAE International, 2019), 
automation technologies for vehicles facilitate a 
wider spectrum of driving sub-tasks and enable vehi-
cles to operate under different driving environments. 
In essence, while drivers remain for all driving tasks 
without automation, vehicle systems gradually 
improve their ability to assist certain driving func-
tions (driver assistance) or even perform accelerating/
decelerating and steering automatically (partial auto-
mation). As the automated system becomes more 
advanced, the vehicle can operate without the driver 
monitoring the surroundings. However, with certain 
levels of automation, the automated system may 
require the driver to manually control the vehicle 
(conditional automation), or the vehicle can execute 
all driving functions in specific situations while also 
offering the option for the driver to drive manually 
(high automation). With full automation, the system 

will be capable of carrying out all driving tasks 
regardless of any driving conditions (SAE 
International, 2019).

Vehicles with increased automation levels have 
been shown to bring significant changes in various 
aspects, including energy usage, carbon emissions, 
and travel efficiency (Wadud et  al., 2016), as well as 
in reducing traffic accidents, improving mobility, and 
reducing inequalities for disadvantaged groups 
(Alessandrini et  al., 2015; Chan, 2017; Dicianno et  al., 
2021; Faber & van Lierop, 2020; Othman, 2021). As 
vehicles with differing levels of vehicle automation 
(SAE International, 2019) have become publicly avail-
able and integrated into the traffic system, users’ per-
ceptions and attitudes towards vehicles with new 
technologies have gained significant attention. Earlier 
research (e.g. Körber & Bengler, 2014; Liu et  al., 2019; 
Nordhoff et  al., 2019; Othman, 2021) has shown that 
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various a range of human factors relate to drivers’ 
attitudes and trust toward automated vehicles. In the 
following sections, the relations of technology adop-
tion, knowledge of automated vehicles and personal-
ity were elaborated based on the literature.

1.1.  Technology adoption

When studying the appeal that users have for new 
technologies, it is vital to account for the general 
inclination towards new technologies, also known as 
technology adoption or affinity. The innovation adop-
tion curve model (Rogers, 2003) partitions users into 
innovators and laggards, which correspond to users 
who are enthusiastic about utilizing new technolo-
gies as soon as possible and those who are the last 
to embrace them.

Individuals with a propensity for early technology 
adoption displayed a greater likelihood of demon-
strating favorable attitudes toward automated vehi-
cles (Liljamo et  al., 2018) and higher intentions to 
purchase and use automated vehicles (Berliner et  al., 
2019; Hardman et  al., 2019; Lee et  al., 2019; Sener 
et  al., 2019; Thurner et  al., 2022). Kraus et  al. (2021) 
reported that individuals with a stronger proclivity 
toward technological advancement exhibited higher 
levels of trust and acceptance toward automation. 
Cunningham et  al. (2019) found that early adopters 
perceived more advantages, exhibited fewer appre-
hensions, and demonstrated a greater willingness to 
purchase and invest in AV-related equipment. This 
strong correlation between early technology adop-
tion and positive attitudes towards automated vehi-
cles underscores the importance of understanding 
users’ technology adoption tendencies in shaping 
the future of automated transport.

1.2.  Knowledge of vehicle automation

Furthermore, road users’ perception of automated 
vehicles may be influenced by their knowledge of 
vehicle automation, technological advancements, 
and interactions with vehicles. Multiple studies, 
including Anania et  al. (2018), Berliner et  al. (2019), 
Charness et  al. (2018), Nordhoff et  al. (2019), Othman 
(2023a, 2023b), and Sanbonmatsu et  al. (2018), have 
indicated that familiarity with these systems could 
play an essential role in shaping how pedestrians, 
drivers, and other road users perceive automated 
vehicles in a positive manner.

According to Nordhoff et  al.’s (2019) literature 
review, only a small fraction (6% of 124 studies) of 

research explored the correlation between knowl-
edge/experience of AV and acceptance. For instance, 
in one study, prior knowledge was related to willing-
ness to cede control and reduced concerns about 
automated vehicles. Knowledgeable drivers were 
more ready and less concerned when it came to 
relinquishing control of their vehicles (Charness et  al., 
2018). Likewise, other studies have found compara-
ble links between knowledge and willingness to buy 
(Berliner et  al., 2019) and familiarity and acceptance 
of automated vehicles (Othman, 2023a; Wang et  al., 
2022). Furthermore, König and Neumayr (2017) deter-
mined users who were well-informed about 
self-driving vehicles held more favorable attitudes 
than those who were unacquainted with the subject.

1.3.  Personality

Personality is considered an important element within 
the realm of human factors in traffic and transport psy-
chology studies. Personality, also known as personality 
traits, is defined as the thoughts, behaviors, and feelings 
of individuals that are relatively consistent over time 
(Costa & McCrea, 1992; McCrae & Costa, 1995). The 
Five-Factor Model, which has become one of the most 
widely accepted personality models, identifies five dom-
inant traits: extraversion, conscientiousness, agreeable-
ness, neuroticism, and openness (Costa & McCrae, 1992 
Costa & McCrae, 2008). It has been found that personal-
ity factors can have direct or indirect links to various 
driving outcomes, including behaviors and accidents 
(Dahlen et  al., 2012; Özkan & Lajunen, 2015).

Despite the potential importance of personality in 
user interactions with automated vehicles (Körber & 
Bengler, 2014), only a small number of studies – 14% 
of the 124 empirical studies – have explored the link 
between personality factors and acceptance of auto-
mated vehicles (Nordhoff et  al., 2019). In these stud-
ies, the associations of personality traits (or facets of 
the traits [e.g. Bellem et  al., 2018]) with various 
aspects of automated vehicles have been evaluated 
(Charness et  al., 2018; Kyriakidis et  al., 2015; Payre 
et  al., 2014; Sener et  al., 2019; Qu et  al., 2021a, 
2021b), such as automated vehicle driving style pref-
erence (e.g. Bellem et  al., 2018), concerns, eagerness, 
and willingness (e.g. Charness et  al., 2018), comfort 
(e.g. Dettmann et  al., 2021) and trust (Kraus et  al., 
2020a; 2020b) by focusing on varying levels of vehi-
cle automation (SAE International, 2019).

Nevertheless, the studies produced inconclusive 
findings regarding the five personality traits. For 
example, Charness et  al. (2018) conducted a survey 
to explore the correlation between the five 
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personality factors and three components of auto-
mated vehicles, namely concerns, eagerness to adopt, 
and willingness to relinquish control. The study 
revealed that extraversion was negatively associated 
with a willingness to relinquish control of the vehi-
cle. Similarly, Li et  al. (2020) found a negative rela-
tionship between extraversion and trust in automated 
driving. However, other studies have reported posi-
tive relations of extraversion with the willingness to 
drive and own automated vehicles (Qu et  al., 2021b) 
and perceived benefits (Qu et  al., 2021a).

Agreeableness was positively associated with the 
adoption of adaptive cruise control (Spurlock et  al., 
2019), trust (Kraus et  al., 2021), as well as the willing-
ness to drive and own automated vehicles (Qu et  al., 
2021b), and perceived benefits (Qu et  al., 2021a). In 
contrast, a negative correlation was observed 
between agreeableness and the statement that auto-
mation is silly (Kyriakidis et  al., 2015). However, in 
another study, Qu et  al. (2021a) found that agree-
ableness was also negatively related to the perceived 
reliability and ease of use of automated vehicles.

Considering conscientiousness, while Charness et  al. 
(2018) found that drivers with greater conscientiousness 
were more concerned and less willing to adopt auto-
mated vehicles, other studies by Qu et al. (2021a, 2021b) 
reported a positive association between conscientious-
ness and perceived benefits (2021a) and willingness to 
drive and own automated vehicles (2021b).

Neuroticism was reported to be negatively related 
to willingness to drive and own automated vehicles 
(Qu et  al., 2021b), trust in automation (Kraus et  al., 
2021; Zhang et  al., 2020) as well as adoption of AVs 
(Charness et  al., 2018; Zhang et  al., 2020) and per-
ceived reliability and ease of use (Qu et  al., 2021a).

Openness to experience was found to have a pos-
itive correlation with comfort regarding full automa-
tion and the willingness to relinquish control of the 
vehicle (Charness et  al., 2018), perceived benefits (Qu 
et  al., 2021a), intention to buy (Qu et  al., 2021a; 
Zhang et  al., 2020), trust (Zhang et  al., 2020) and 
willingness to drive and own automated vehicles (Qu 
et  al., 2021b). Contrary to the positive associations of 
being open to new experiences (Charness et  al., 
2018; Qu et  al., 2021a, 2021b), Li et  al. (2020) found 
a negative correlation between openness to experi-
ence and trust, indicating that road users who are 
more open to new experiences tend to have lower 
levels of trust.

In a recent study, Kraus et  al. (2021) discussed a 
multi-level model that leads to trust in vehicle auto-
mation. The model suggests that personality factors, 
specifically big-five factors, drive technology 

adoption and dispositional trust. These factors are 
then linked to trust and acceptance of automated 
driving. In this study, extraversion and agreeableness 
were positively associated with dispositional trust, 
and neuroticism was negatively related to technol-
ogy adoption, which was positively related to trust 
and acceptance of vehicle automation.

1.4.  Aim of the present study

Previous studies have shown that different individual 
factors influence public acceptance of automated 
vehicles (Othman, 2021) and that these factors form 
a hierarchy in terms of their relationship with the 
acceptance of automated vehicles (Nordhoff et  al., 
2019). In accordance with the hierarchical model 
suggested by Kraus et  al. (2021), this present study 
focused on the relationships of personality and tech-
nology adoption and knowledge of vehicle automa-
tion with the preferred level of vehicle automation, 
using double mediation analysis (Figure 1). For the 
first time in the literature, the present study investi-
gates the proposed relations of technology adoption 
(corresponding to situational traits in Kraus et  al., 
2021), knowledge (corresponding to surface traits in 
Kraus et  al., 2021), and personality (corresponding 
elemental traits in Kraus et  al., 2021). Serial double 
mediation was chosen to test the hierarchical model 
considered by Kraus et  al. (2021) in the proposed lin-
ear relationship. The model and analysis place the 
personality factors first in the relationship and test 
their relationship with technology adoption, knowl-
edge, and preferred level of vehicle automation.

Previous studies (e.g. Nordhoff et  al., 2022; Othman, 
2023a) have also shown the value of cross-country 
research in understanding factors related to public 
acceptance of automated vehicles. This investigation is 
carried out in samples from Türkiye and Sweden in rela-
tion to users’ preference of vehicle automation. 
Incorporating data from both Türkiye and Sweden aug-
ments the study’s strength. This research was conducted 
in two dissimilar countries in terms of road user behav-
iors (e.g. Wallén Warner et  al., 2011) and overall road 
safety statistics (World Health Organization, 2018). 
Therefore, testing the relationships outlined in Figure 1 
magnifies the breadth and depth of our analysis, offer-
ing a more comprehensive perspective on the subject. 
With respect to that, the present study aimed to 
examine:

1.	 The differences in the preferred level of vehicle 
automation based on their technology adoption in 
Türkiye and Sweden
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2.	 The differences in the preferred level of vehicle 
automation based on their knowledge of different 
levels of automation in Türkiye and Sweden

3.	 The role of personality on the preferred level of 
vehicle automation through technology adoption 
and knowledge in Türkiye and Sweden

2.  Methods

2.1.  Participants

University students with valid full vehicle (Type B) driv-
ing licenses from Türkiye and Sweden were invited to 
partake in the study. Upon completion of the data 
cleaning procedure detailed in Section 2.4, a total of 
297 drivers from Türkiye (between the ages of 19 and 
38, M = 22.47, SD = 2.83) and 332 drivers from Sweden 
(between the ages of 20 and 67, M = 30.06, SD = 10.48) 
used for the analysis in the study. In Türkiye, the gender 
distribution of the participants was 200 (67.3%) female 
and 97 (32.7%) male drivers. In Sweden, there were 332 
individuals distributed as follows: 60.2% were female 
(n = 200), 39.2% were male (n = 130), and two fell into 
other gender identity categories.

2.2.  Design

After translating the materials (see Section 2.4), we 
conducted a cross-sectional self-reported online 
questionnaire study (see the following sections for 
measurements used, procedures followed, and data 
cleaning and analyses).

2.3.  Measurements
The present study included the following variables: 
preferred level of vehicle automation questions, 

demographic information (including age, gender, and 
years with driving license), technology adoption, 
knowledge of vehicle automation, and Basic 
Personality Traits Inventory.

2.3.1.  Preferred level of vehicle automation
A single item question, ‘Below the description of dif-
ferent levels of automation are given. As a driver, 
which of these levels do you prefer?’, was constructed 
to measure the preferred level of vehicle automation. 
Respondents were presented with six levels of vehi-
cle automation (from level 0: no automation to level 
5: full automation), each level defined with concise 
explanations of the roles played by automated sys-
tems and drivers.

2.3.2.  Technology adoption
The technology affinity of respondents was assessed 
through a single question that they rated on a 
5-point Likert scale ranging from 1 (Strongly dis-
agree) to 5 (Strongly agree). The question was pre-
sented as follows: ‘From the following descriptions, 
please select one category which best describes you. 
I am the type of person who likes to use new tech-
nological solutions as soon as they are available on 
the market’.

2.3.3.  Knowledge of vehicle automation
After indicating their preferred level of vehicle auto-
mation, participants were asked to indicate whether 
they have knowledge of each level (Before today, 
which of the levels described have you heard of?).

2.3.4.  Basic personality traits inventory
The BPTI was created by Gençöz and Öcül (2012) to 
assess six fundamental characteristics of personality: 

Figure 1.  Personality to automation preference through technology adoption and knowledge: A double mediation model. The 
figure consists of 4 boxes labeled Personality, Technology Adoption, Knowledge, and Preferred Level of Vehicle Automation 
(from left to right of the page). The order of the boxes represents the serial mediation model tested. Direct arrows go from 
Personality to the other three factors, from Technology Adoption to Knowledge and Preferred Level of Vehicle Automation, 
and from Knowledge to Preferred Level of Vehicle Automation.
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extraversion (e.g. timid and withdrawn), conscien-
tiousness (e.g. self-disciplined and tidy), agreeable-
ness (e.g. sincere and compassionate), neuroticism 
(e.g. nervous and aggressive), openness to experi-
ence (e.g. self-confident and self-assured) and nega-
tive valence (e.g. ill-mannered and pretentious). 
Respondents were required to rate 45 adjectives in a 
5-point Likert form from 1 (Does not represents me 
at all) to 5 (Represents me very well). The Cronbach’s 
alpha reliabilities were found as 0.88 for Türkiye and 
0.75 for Sweden of extraversion with eight items, 
0.83 for Türkiye and 0.61 for Sweden of conscien-
tiousness with eight items, 0.86 for Türkiye and 0.72 
for Sweden agreeableness with eight items, 0.83 for 
Türkiye and 0.71 for Sweden of neuroticism with 
nine items, 0.75 for Türkiye and 0.70 for Sweden of 
openness to experience with six items, 0.70 for 
Türkiye and 0.61 for Sweden of negative valence 
with six items.

2.4.  Procedure

The questionnaire was initially drafted in English. The 
items and scales that were not previously available in 
Turkish or Swedish were translated as a part of the 
study. Following the translation, measures were 
back-translated to English, and their meaning was 
cross-checked. After finalizing the survey, ethical 
approval for data collection was obtained from the 
Human Research Ethics Committee of Middle East 
Technical University (Protocol Number: 511 ODTU 
2019). Data was collected through an online survey 
platform, Qualtrics.

The study was part of a big project funded by the 
Swedish Institute. Details for the project and the rest 
of the measures applied can be found in the follow-
ing publications: Öztürk, 2021; Öztürk et  al., 2022, 
2023. The online survey included several sections 
presented on different pages. The first part of the 
survey was the demographic information form, 
including the technology adoption question. After 
the demographic information form, the preference 
and knowledge of vehicle automation questions 
were presented. The BFI was introduced as the final 
measure, following other self-report measures.

Convenience and snowball sampling methods 
were used to approach participants in this study. In 
addition to using social media platforms to recruit 
participants, the survey link was distributed through 
lecturers from universities and the Department of 
Psychology METU Research Sign-Up System in 
Türkiye. Besides, in Sweden, participants were invited 

to the study through e-mail invitation. The e-mail 
addresses were acquired from LADOK (the student 
registration and grading document system). Data 
were collected between March 2020 and July 2020. 
The anonymity and confidentiality of the participants 
were ensured. Unique participant IDs were created 
by the system only for the participants receiving 
course credits, which are automatically processed.

2.5.  Analyses

Analyses were conducted with SPSS v26. In the 
first step, data with unrealistically short response 
times were excluded, and data cleaning was 
applied by analyzing the outlier values (those with 
a z-value above 3.0) in terms of age and kilome-
ters driven in the last year separately for each 
country to ensure some level of control in the 
sample in terms of driving experience. Studies 
show that the z-value performs better in compari-
son to other methods of detecting outliers (e.g. 
Chikodili et  al., 2020). Van Selst and Jolicoeur 
(1994) stated that outlier detection is sensitive to 
the nature of the data, such as skewness, sample 
size, and criterion cut-offs (such as z scores of 2.5, 
3.0, or 3.5). Given this and the purpose of the out-
lier detection process (to eliminate the most 
extreme values in terms of demographics that 
could lead to significant differences in experience), 
a z-score of 3.0 was chosen (Bakker & Wicherts, 
2014; Chikodili et  al., 2020; Tabachnick et  al. 2013 
for further discussion). However, to minimize the 
potential impact of this decision and sampling 
procedure, the variables were entered as control 
variables. The final sample consisted of 297 drivers 
from Türkiye and 332 drivers from Sweden. In the 
first step, two separate hierarchical regression 
analyses were conducted to investigate the direct 
relations of technology adoption across the two 
countries (Table 1). Age, gender, and license year 
were entered into the model in the first step as 
statistical control variables, followed by technology 
adoption in the subsequent step.

In the second stage, a series of ANOVA tests were 
carried out to examine whether knowledge of each 
level has an impact on the preferred level of vehicle 
automation across two counties (Table 2). After 
investigating individual scores, the overall knowledge 
score was calculated by considering the weight of 
higher levels of automation to include further analy-
sis. Drivers indicated their knowledge of each level 
(from level 1 to level 5) separately. The final score 
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was calculated by dividing the sum of levels drivers 
know by the number of levels they know. For 
instance, if a driver knew level 2 and level 3, their 
score is calculated by dividing 5 (2 [level] + 3 [level]) 
by 2 (number of levels they knew), equaling 2.5 to 
quantify levels they possess knowledge of.

Bivariate correlation coefficients were assessed in 
the third step, accounting for demographic variables, 
technology adoption, knowledge of vehicle automa-
tion, the BFPI dimensions, and the preferred level of 
vehicle automation (Table 3) for Türkiye and Sweden 
separately. In the final step, the final double media-
tion model was tested using model 6 from the 
PROCESS custom dialogue for IBM SPSS (Hayes, 
2018) through a series of mediation analyses. The 
estimates of 95% confidence intervals were esti-
mated by using 5000 resamples (Hayes, 2018). 
Mediation analyses were conducted separately for 
Türkiye and Sweden, with each dimension of per-
sonality entered as the independent variable sepa-
rately. Previous studies (Othman, 2023b; Weigl et  al., 
2021, 2022) have shown that demographic variables 
play a significant role in explaining drivers’ attitudes 
toward automated vehicles. Considering the diver-
sity between the two countries and the uneven dis-
tribution of the samples on certain demographic 
variables, age, gender, and license year were also 
entered into the analyses as control variables.

3.  Results

3.1.  Preferred level of vehicle automation and 
technology adoption

The regression models were significant both in 
Türkiye (F(4, 292)=3.16, p=.014) and Sweden (F(4, 
326)=18.02, p<.001). After controlling for the statisti-
cal effects of age, gender and license year, high tech-
nology adoption was positively related to the 
preferred level of vehicle automation in Türkiye (95% 
CI [0.95, 1.05]) and Sweden (95% CI [0.88, 1.13]).

3.2.  Preferred level of vehicle automation and 
knowledge

Country differences indicated that drivers from 
Türkiye favored vehicles with higher levels of auto-
mation. The main effect of knowledge was significant 
only for high automation and full automation, indi-
cating that drivers who possessed knowledge of 
these systems preferred vehicles with higher levels of 
automation than those who did not in the two coun-
tries. The country-by-knowledge interaction was only 
significant for partial automation. Drivers from Türkiye 
who were familiar with partial automation preferred 
vehicles with higher levels of automation than driv-
ers from Türkiye without the knowledge of partial 
automation (t(625)  =  3.11, pbonf =  0.012) and drivers 

Table 1. T echnology adoption on the preferred level of vehicle automation after controlling for age, gender, and license year.
Türkiye Sweden

R2 R2Δ df FΔ β p R2 R2Δ df FΔ β p
1st Step 0.03 0.03 3,293 2.69 .047 0.05 0.05 3,327 5.12 .002
Age 0.18 .072 −0.11 .571
Gender (0: male, 

1: female)
−0.12 .038 −0.19 <.001

License year −0.20 .047 0.20 .314
2nd Step 0.04 0.01 1,292 4.48 .035 0.18 0.14 1,326 54.21 <.001
Technology 

adoption
0.12 .035 0.39 <.001

Table 2.  Differences in automation preference across Türkiye and Sweden between drivers with and without knowledge of 
each level.

Have knowledge Not have knowledge Country Knowledge
Country by 
knowledge

N M SD N M SD F p F p F p
L1: Driver 

assistance
Türkiye 235 3.08 1.63 62 3.55 1.45 11.69 <.001 2.56 .110 2.13 .145
Sweden 251 2.78 1.63 81 2.80 1.51

L2: Partial 
automation

Türkiye 174 3.03 1.57 123 3.39 1.62 11.78 <.001 .42 .518 4.13 .043
Sweden 237 2.84 1.58 95 2.65 1.65

L3: Conditional 
automation

Türkiye 118 3.24 1.57 179 3.14 1.62 9.72 .002 .45 .501 .01 .935
Sweden 170 2.82 1.53 162 2.75 1.67

L4: High 
automation

Türkiye 84 3.39 1.72 213 3.09 1.54 8.93 .003 5.59 .018 .03 .854
Sweden 121 3.01 1.73 211 2.66 1.50

L5: Full 
automation

Türkiye 126 3.40 1.76 171 3.02 1.46 8.48 .004 9.80 .002 .04 .848
Sweden 131 3.05 1.82 201 2.62 1.41

Note: Dfs = 1, 625.
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from Sweden without the knowledge of the same 
level (t(625)=3.38, pbonf=0.005).

3.3.  Preferred level of vehicle automation and 
technology adoption, knowledge and personality

The correlation coefficients in Türkiye indicated posi-
tive correlations of technology adoption, knowledge, 
and negative valence with the preference for higher 
levels of automation; conversely, extraversion was 
negatively associated with the automated vehicle 
preference. In Sweden, technology adoption was 
positively and extraversion and neuroticism were 
negatively correlated with the preferred level of vehi-
cle automation (Table 3).

3.4.  Relations of technology adoption, 
knowledge, and personality with automation 
preference

In the final step, the mediating roles of technology 
adoption and knowledge were tested in the relation 
between personality and the preferred level of vehi-
cle automation in a double mediation model. The 
explained variances (R2) were presented in Table 4.

As shown in Figure 2, extraversion was positively 
related to technology adoption in Türkiye (t(292) = 
2.26, p = 025) and in Sweden (t(326) = 3.16, p = 002), 
which in return positively related to the preferred 
level of vehicle automation in Türkiye (t(290) = 2.21, 
p = .028) and in Sweden (t(324) = 7.99, p < .001). 
Besides, in Türkiye, knowledge (t(290) = 2.20, p = 
.029) was positively related to the preferred level of 
vehicle automation. The direct association was nega-
tive for extraversion in Türkiye (t(290) = −2.28, p = 
.023) and in Sweden (t(324) = −3.89, p < .001). The 
total indirect effect (B = 0.18, LLCI = 0.06; ULCI = 0.31) 
and the indirect effect of extraversion on the pre-
ferred level of vehicle automation through technol-
ogy adoption were significant in Sweden (B = 0.18, 
LLCI = 0.07; ULCI = 0.31).
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Table 4. E xplained variances across Türkiye and Sweden.
Türkiye Sweden

Total 
effect R2

Final 
model R2

Total 
effect R2

Final 
model R2

Extraversion 0.04 0.07 0.06 0.22
Conscientiousness 0.03 0.07 0.05 0.20
Agreeableness 0.03 0.06 0.05 0.19
Neuroticism 0.03 0.06 0.05 0.19
Openness to 

experience
0.04 0.08 0.05 0.20

Negative valence 0.04 0.07 0.05 0.18
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As shown in Figure 3, in Türkiye, knowledge was 
positively associated with the preferred level of vehicle 
automation (t(290) = 2.35, p = .020). In Sweden, while 
conscientiousness (t(324) = −2.20, p = .029) was nega-
tively related to the preferred level of vehicle automa-
tion, the dimension was positively associated with 
technology adoption (t(326) = 2.35, p = .019) in return 
positively related to automation preference (t(324) = 
7.53, p < .001). The total indirect effect (B = 0.17, LLCI = 
0.03; ULCI = 0.31) and the indirect effect of conscien-
tiousness on the preferred level of vehicle automation 
was significant through technology adoption (B = 0.16, 
LLCI = 0.03; ULCI = 0.30) in Sweden.

For the model with agreeableness (Figure 4), 
knowledge in Türkiye (t(290) = 2.19, p = .029) and 
technology adoption in Sweden (t(324) = 7.31, p < 

.001) were positively associated with the preferred 
level of vehicle automation.

For the model with neuroticism (Figure 5), knowl-
edge in Türkiye (t(290) = 2.24, p = .026) and technol-
ogy adoption in Sweden (t(324) = 7.17, p < .001) 
were positively associated with the preferred level of 
vehicle automation.

As shown in Figure 6, openness to experience was 
positively related to technology adoption in Türkiye 
(t(292) = 2.30, p = .022) and in Sweden (t(326) = 
3.09, p = .002) and in return, technology adoption 
was positively predicted the preferred level of vehicle 
automation in Türkiye (t(290) = 2.23, p = .026) and in 
Sweden (t(324) = 7.57, p < .001). Knowledge in 
Türkiye was also positively related to the preferred 
level of vehicle automation (t(290) = 2.23, p = .027). 

Figure 2. E xtraversion to automation preference through technology adoption and knowledge in Türkiye (top half ) and 
Sweden (bottom half ).

Figure 3.  Conscientiousness to automation preference through technology adoption and knowledge in Türkiye (top half ) and 
Sweden (bottom half ).
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The direct effect of openness to change was nega-
tive on the preferred level of vehicle automation in 
Türkiye (t(290) = −2.41, p = .016) and Sweden (t(324) 
= −2.20, p = .029). The indirect effect of openness to 
change through technology adoption (B = 0.02, LLCI 
= 0.00; ULCI = 0.04) was significant in Türkiye. The 
total indirect effect of openness to change (B = 0.17, 
LLCI = 0.05; ULCI = 0.31) and the indirect effect 
through technology adoption (B = 0.17, LLCI = 0.05; 
ULCI = 0.30) were significant in Sweden.

For the model with negative valence (Figure 7), 
knowledge in Türkiye (t(290) = 2.14, p = .034) and 
technology adoption in Sweden (t(324) = 7.24, p < 

.001) were positively associated with the preferred 
level of vehicle automation.

4.  Discussion

In the current study, the preferred level of vehicle 
automation of drivers from Türkiye and Sweden was 
examined in relation to technology adoption, previ-
ous knowledge of vehicle automation, and 
personality.

Regarding the first aim of examining the differ-
ences in the preferred level of vehicle automation 
based on their technology adoption in Türkiye and 

Figure 4.  Agreeableness to automation preference through technology adoption and knowledge in Türkiye (top half ) and 
Sweden (bottom half ).

Figure 5. N euroticism to automation preference through technology adoption and knowledge in Türkiye (top half ) and 
Sweden (bottom half ).
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Sweden, the results supported the previous findings 
on technology adoption (Hardman et  al., 2019; Lee 
et  al., 2019; Sener et  al., 2019; Thurner et  al., 2022). 
As discussed by Vishwanath (2005), being an innova-
tor involves being in situations with high novelty 
and complexity. At these stages, higher levels of 
automation would be evaluated as something novel 
and complex for traditional driving. Furthermore, the 
findings demonstrated that drivers with higher tech-
nology adoption preferred vehicles with higher levels 
of automation across Türkiye and Sweden.

For the second objective of investigating the dif-
ferences in the preferred level of vehicle automation 

as a result of familiarity with different levels of auto-
mation in Türkiye and Sweden, akin to the finding of 
König and Neumayr (2017) and Othman (2023a), 
drivers who had knowledge of high or full automa-
tion preferred vehicles with higher levels of automa-
tion compared to drivers who did not hear of these 
levels. Similarly, drivers from Türkiye with knowledge 
of partial automation preferred higher levels of auto-
mation than those who had not heard of partial 
automation across the two countries. Even though 
the average preference was below high automation, 
a relatively higher preference for vehicle automation 
could be a positive indicator of previous knowledge. 

Figure 6. O penness to automation preference through technology adoption and knowledge in Türkiye (top half ) and Sweden 
(bottom half ).

Figure 7. N egative valence to automation preference through technology adoption and knowledge in Türkiye (top half ) and 
Sweden (bottom half ).
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However, it is noteworthy that, similar to the study 
by Sanbonmatsu et  al. (2018), a significant propor-
tion of participants lacked awareness of diverse vehi-
cle technologies prior to the investigation. 
Sanbonmatsu et  al. (2018) highlighted that individu-
als possessing the least acquaintance formed the 
most pessimistic opinions. The non-significant differ-
ence between users who heard or did not hear of 
these levels could be because of the strong negative 
view of users without knowledge of higher levels of 
automation and negative knowledge of those who 
have heard previously. Anania et  al. (2018) also sug-
gested that the content of the information provided, 
whether positive or negative, was also crucial in 
shaping users’ willingness to ride automated vehicles. 
Building on prior research regarding knowledge and 
experience (Charness et  al., 2018), revealing that pre-
vious knowledge was associated with decreased con-
cerns, it could be posited that information 
dissemination initiatives geared towards highlighting 
the potential of such vehicles might be a crucial fac-
tor in fostering greater acceptance and uptake of 
higher levels of automation in the future.

According to the final aim, to examine the role of 
personality on the preferred level of vehicle automa-
tion through technology adoption and knowledge in 
Türkiye and Sweden, both extraversion and openness 
to change in the two countries and conscientious-
ness in Sweden were positively related to the tech-
nology adoption leading to a preference for higher 
levels of automation. Moreover, both extraversion 
and openness to change showed inconsistent medi-
ation (MacKinnon et al., 2007) by showing positive 
indirect effects through technology adoption and 
knowledge, even though the direct effect was nega-
tive. The associations between personality, by focus-
ing on extraversion and openness to change, and 
technology adoption and the preferred level of vehi-
cle automation showed that curiosity and being 
something new could be the more salient compo-
nents of the higher levels of automation at these 
early stages. Both extraversion and openness to 
change were positively associated with technology 
adoption. The positive relations were not surprising 
as both dimensions of personality are related to 
being enterprising, active, talkative, and creative 
(Gençöz & Öcül, 2012). In general, high levels of 
extraversion and openness to change could be criti-
cal personality traits that enable drivers to manage 
uncertainty and embrace new technologies.

Furthermore, the relationship between conscien-
tiousness and automation preference was also medi-
ated by technology adoption in Sweden. 

Conscientiousness was positively related to technol-
ogy adoption, which in turn increases higher auto-
mation preference. Within Sweden, technology 
adoption could be responsible for adapting to novel 
advancements, thus linking conscientiousness with 
vehicle preferences due to technology adoption. 
Taking into account the examined factors and the 
explained variances, the outcomes have displayed 
that technology adoption has a more significant 
impact in Sweden. Conversely, familiarity with vehicle 
automation is more potent in predicting drivers’ incli-
nation towards higher levels of automation in Türkiye.

The significant impact of extraversion and open-
ness to change might be reasonable for the public 
since we are at the stage of quite a limited level of 
experience and exposure to these systems. 
Nonetheless, it could be speculated that the associa-
tions for other dimensions of personality might get 
stronger as drivers become more familiar and knowl-
edgeable with the systems. As discussed by Penmetsa 
et  al. (2019), public opinion of automated vehicles 
might get more positive as the interactions with 
these systems increase. When users experience and 
observe vehicles with higher levels of automation, 
such as those owned by their friends and neighbors 
(Bansal et  al., 2016), other factors, such as agreeable-
ness or conscientiousness, may have a stronger 
impact on drivers’ vehicle preferences, taking into 
account various aspects such as the environment, 
price, and comfort.

Last but not least, the findings also supported the 
hierarchical model of Kraus et  al. (2021) by examin-
ing the technology adoption, knowledge, and per-
sonality relationships with the preferred level of 
automation. Additionally, it is worth noting that the 
cross-country differences in terms of explained vari-
ances and strength of relationships can also be con-
sidered as a multi-level factor to be considered in 
this hierarchical context. The aforementioned results 
also support the previous findings highlighting 
regional differences (Liljamo et  al., 2018; Sener et  al., 
2019). According to statistics on road safety in the 
respective countries (European Transport Safety 
Council, 2020; World Health Organization, 2018), it is 
probable that these differences could account for 
some of the variations in findings. As previously dis-
cussed (Öztürk et  al., 2022a; 2022b), the difference in 
preferred levels of automation between two coun-
tries may be attributed to road safety indicators in 
each country and how road users respond to good 
and bad practices. This can increase their own safety 
as well as promote a safer driving environment 
overall.
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4.1.  Limitations and future suggestions

There are some limitations to the current study that 
should be addressed, along with suggestions for 
future research. Different studies have shown that 
experience is a critical component in shaping users’ 
perception of a system (e.g. Eden et  al., 2017; 
Hartwich et  al., 2019; Lehtonen, Malin, et  al., 2022; 
Othman, 2023a). In the present study, knowledge is 
only measured as a measure of awareness of a sys-
tem, but the degree of knowledge and experience 
was not detailed for practical reasons. The limited 
impact of knowledge of vehicle automation could 
result due to the limited level of information and 
chance of experience to the general public. 
Furthermore, in another study, Othman (2023a, 
2023b) found a change in public attitudes after 
exposure to information and visuals of crash scenes 
involving automated vehicles. These should be con-
sidered while interpreting the results and planning 
future studies focusing on the knowledge/experience 
aspect of vehicle automation.

Another important limitation to consider when 
interpreting the results of the study and implement-
ing the model for future studies is the potential 
impact of demographic variables and the representa-
tiveness of the samples across countries. As can be 
seen from the descriptive statistics, the samples are 
not evenly distributed in terms of demographic vari-
ables across the two counties. Previous studies have 
shown (Weigl et  al., 2021, 2022) that these variables 
are important for acceptance of automated vehicles. 
In order to quantify the possible effects, these vari-
ables were used as control variables in the present 
study. However, future studies with sufficient sample 
sizes across different groups should consider testing 
the proposed conceptual model across groups. 
Nevertheless, the results show the relationships pro-
posed in the conceptual model within the given 
samples. However, it is difficult to claim the general-
izability of the findings given the sample size and 
sampling methodology used. For this reason, studies 
with larger samples are recommended.

The present study only focused on the preferred 
level of vehicle automation, allowing participants to 
choose by considering the capabilities of each level 
of automation. In addition, future studies could also 
investigate discrete factors such as willingness to pay 
(e.g. Liu et  al., 2019; Othman, 2021; Skjeret et  al., 
2023; Weigl et  al., 2022) to examine specific concep-
tual factors. Moreover, while addressing the preferred 
level of vehicle automation, the focus is on individu-
als’ private vehicle preferences. While this provides 

some information about the users, future studies on 
the impact of these preferences on individual mobil-
ity behavior (e.g. Lehtonen et  al., 2022), transport 
mode change (e.g. Wallén Warner et  al., 2021) or the 
use of shared mobility (Schuß et  al., 2021a, 2021b) 
will provide more detailed and comprehensive infor-
mation on the attitudes of users.

Although we ensured anonymity and confidential-
ity of responses and also took some precautions, 
such as excluding respondents with extremely short 
response times and restricting access to the survey if 
an individual attempted to access it again after com-
pletion (to prevent multiple responses), the data and 
findings of the study may be subject to certain lim-
itations due to its methodology (see Bethlehem, 
2010; Curran, 2016; Van Selm & Jankowski, 2006 for 
further discussion). Therefore, caution should be 
exercised in interpreting and using the data.

One of the important aspects of the future of auto-
mated vehicles is the training part. According to 
Merriman et  al. (2021), personality and attitudes present 
a crucial challenge that needs to be considered to 
enhance the effectiveness of training programs. The 
findings could be used to highlight the possible effec-
tiveness of developing more technology-oriented train-
ing programs for users with higher extraversion and/or 
openness to change scores. Conversely, a 
technology-focused training program may underper-
form for drivers with lower technology adoption or 
lower levels of extraversion and openness to change. It 
is therefore recommended to take users’ personality 
traits into account in the planning and implementation 
of training programs to enhance their effectiveness.

Finally, similar to the association between differ-
ent personality aspects and preferences for auto-
mated driving styles (Bellem et  al., 2018), some of 
the relations between personality factors and the 
preferred level of vehicle automation were not sta-
tistically significant. Additionally, the explained vari-
ances for the mediation analyses were around 4–6% 
in Türkiye and 18–21% in Sweden, where the major-
ity of the variance was added when technology 
adoption was introduced to the model in Sweden. 
Similar to the discussion of Spurlock et  al. (2019), a 
considerable amount of users’ automation adoption 
still needs further studies to be explored.

5.  Conclusion

In conclusion, the findings of the present study revealed 
that users’ technology adoption, previous knowledge of 
automated vehicles, and personality had a crucial role 
in determining the preferred level of vehicle 
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automation. Individuals with a higher rate of technol-
ogy adoption and knowledge of higher levels of vehi-
cle automation had a preference toward higher levels 
of vehicle automation. As extraversion and openness to 
change were positively related to technology adoption, 
higher technology adoption also led to preferring vehi-
cles with higher levels of automation. The hierarchical 
structure introduced by Kraus et  al. (2021) was sup-
ported by the present study’s findings, and this study 
additionally highlighted a cross-country aspect to be 
considered in the model. The study concluded that 
future acceptance of vehicle automation is highly 
dependent on aspects such as technology adoption, 
previous knowledge, and personality, all of which dis-
play varying relationships across different countries.
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