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ABSTRACT

To support road safety and user acceptance, the interaction capabilities of automated
vehicles (AVs) need to be intuitive and transparent. Therefore, established interaction
capabilities of manual drivers need to be implemented in AVs. In manual driving, acce-
pted time gaps (gap acceptance, GA) are frequently applied to coordinate interactions
between traffic participants. Various driver characteristics, such as age, were shown to
influence GA. However, little research considered the influence of driver personality
traits on GA. Therefore, the current online study investigated the effect of drivers’
sensation seeking and big five personality traits (i.e., agreeableness, extraversion,
conscientiousness, openness, and neuroticism) on GA. The applied video material
displayed an intersection scenario with approaching interaction partners encounte-
ring from the left of the drivers’ perspective. A total of 121 participants contributed
to the study. The findings showed a significant effect for participants’ sensation see-
king on GA. Participants scoring higher in sensation seeking accepted smaller time
gaps resulting in riskier decisions for the turning maneuvers than participants scoring
lower in sensation seeking. Moreover, the results revealed a significant difference in
GA regarding participants’ agreeableness. Participants scoring higher in agreeable-
ness indicated larger time gaps to initiate turning maneuvers (i.e., more cooperative
interactions) than participants scoring lower in agreeableness. There was no effect for
extraversion, conscientiousness, openness, and neuroticism on GA. To support the
user acceptance of automated driving functions, differences in driving style prefere-
nces related to personal characteristics should be considered in AVs (e.g., by offering
selectable driving style profiles).

Keywords: Automated vehicles, Implicit communication, Gap acceptance, Driving styles,
Sensation seeking, Big five personality traits

INTRODUCTION

Automated driving is supposed to increase road safety as well as traffic effici-
ency and driving comfort (SAE 2018). However, automated driving functions
need to be applied by human drivers to fully exploit the benefits of automated
vehicles (AVs; SAE Level 3 or higher; SAE 2018). To support the accepta-
nce of AVs and provide smooth encounters with manual traffic participants,
the human-machine interaction should be of particular interest in automated
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driving. Therefore, established communication capabilities of manual traf-
fic participants could serve as a common ground in AVs (Markkula et al.
2020). A common ground could simplify and smoothen the interactions
between traffic participants by enhancing the transparency and predictabi-
lity of prospective movements (Clark and Brennan 1991). In manual driving,
traffic participants use explicit (e.g., turn indicator) and implicit (e.g., vehi-
cles’ trajectory) communication cues to interact (Schieben et al. 2019). These
interactions are coordinated by accepted time gaps to surrounding traffic par-
ticipants (e.g., to initiate a driving maneuver; Summala 2007). Accepted time
gaps (i.e., gap acceptance; GA) are influenced by situational factors (e.g.,
approaching speed; Petzoldt et al. 2017) but also by personal characteristics
(e.g., age; Beggiato et al. 2018). Therefore, GA can be seen as one parame-
ter of individually varying driving styles (Summala 2007). Driving styles can
be described as a stable aspect of behavior that is shown while driving and
varies between individuals. The concept comprises individual preferences for
speeds, headway distances, or headway times (for an overview see Sagberg
et al. 2015) and should also be considered in AVs’ driving styles to support
the users’ acceptance of automated driving functions (Hartwich et al. 2018).

With regard to individual driving styles, sensation seeking is a frequ-
ently investigated personality trait in manual driving (for an overview see
Jonah 1997). The concept can be described as the willingness for taking
risks and the need for new, varying, and complex experiences and sensations
(Zuckerman 1994). In the driving context, sensation seeking is associated
with a risky driving behavior such as high velocities or shorter headway
distances to surrounding traffic participants compared to non-sensation see-
kers (Jonah 1997). For instance, sensation seekers preferred shorter headway
distances when following lead traffic in manual driving than non-sensation
seekers (Heino et al. 1996). Moreover, the big five personality traits (i.e.,
agreeableness, extraversion, conscientiousness, openness, and neuroticism;
McCrae and John 1992) were shown to be connected to diverse driving sty-
les (e.g., agreeableness was shown to be related to a polite and calm driving
style; Taubman-Ben-Ari and Yehiel 2012). In general, the personality trait
agreeableness is related to being cooperative; the tendency to be careful is
incorporated by the trait conscientiousness. While extraversion includes the
tendency to be sociable; openness is related to being sensitive; and neuroti-
cism refers to the tendency of being anxious and impulsive (McCrae and John
1992). The relation between the big five personality traits and pedestrians’
gap acceptance was investigated in a road-crossing scenario by Kalantarov
et al. (2018). While the traits agreeableness, conscientiousness, and openness
were related to larger accepted time gaps to the approaching traffic (i.e., a
less risky crossing behavior), there was no significant relation between extra-
version and accepted time gaps. However, neuroticism was related to smaller
accepted time gaps leading to a riskier behavior while crossing (Kalantarov
et al. 2018).

Since personality traits are related to different driving styles, these prefe-
rences also need to be considered in AVs to support the users’ acceptance
and intention to use automated driving functions (e.g., by selectable driving
style profiles that include respective driving parameters, such as GA). So far,
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only a small number of studies considered the influence of driver personality
traits on GA. Therefore, the current study assessed the influence of drivers’
(a) sensation seeking and (b) big five personality traits on accepted time gaps
to initiate left-turn maneuvers in front of different approaching interaction
partners encountering with different speeds.

METHOD

Research Design

A 4 x 4 within-subject design was applied in the current online study. The
study used real-world video material that included four interaction partners
(passenger car, motorcycle, scooter, and bicycle) that approached with four
different speed levels respectively (10/ 15/ 20 and 25 km/h), which represent
the within-subject factors (further details are reported in Hensch et al. 2021).
To stabilize the results, each condition was presented twice to the participants
in an overall randomized order resulting in a total of 32 trials. Participants’
sensation seeking and big five personality trait scores were applied as cova-
riates. As dependent variable, participants’ last accepted time gaps to initiate
left-turn maneuvers in front of the approaching interaction partners were
assessed.

Apparatus and Material

The study applied real-world video material from a driver’s perspective
(Figure 1) that was recorded by a GARMIN VIRB Ultra 30 (1920 x 1080
pixel, 100 fps). The material displayed an intersection scenario that indica-
ted a left-turn maneuver. Four different interaction partners were included
in the material. The interaction partners approached from the left of the
ego-vehicles’ perspective, thus resulting in a hypothetical overlap of the ego-
vehicle’s and the interaction partners’ trajectory (Figure 1). The interaction
partners were all driven by the same trained researcher to control for influe-
ncing factors such as driving style. The video material exclusively displayed
the interaction partners as moving objects that approached with a constant
speed of about 15 km/h (i.e., no deceleration or acceleration). To determine
the exact speed of the approaching interaction partners, synchronized pro-
tocol cameras were placed at fixed distances. The speed of the approaching
vehicles was modified afterwards by accelerating or reducing the playback
rate of the video material. To achieve full experimental control, including
specific instructions, presenting the video material in a randomized order
and capture participants’ accepted time gaps precisely in an online format,
a simulation environment was programmed in jspsych 6.1.0. The resolution
of the video material was edited by Adobe Premiere Pro (1280 x 720 pixels,
30 fps) to present the material in an online format to the participants. In
addition, an online questionnaire was applied.

To assess participants’ sensation seeking and big five personality traits (i.e.,
agreeableness, extraversion, conscientiousness, openness, and neuroticism)
standardized questionnaires were applied. The Brief Sensation Seeking Scale
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Figure 1: A) Example of the video material displaying the participants’ perspective and
the passenger car as one of the investigated interaction partners. B) Recorded left-turn
scenario of the study resulting in a hypothetical overlap of the ego-vehicle’s (a) and the
approaching vehicles’ (b) trajectory.

(BSSS) by Hoyle et al. (2002) was applied to determine participants’ sensa-
tion seeking. The participants indicated their agreement to the eight items on
a 5-point Likert scale from [1] ”strongly disagree” to [5] ”strongly agree”.
Afterwards, the items were averaged to an overall sensation seeking score
(Cronbach’s α = .71). The NEO-FFI-30 (Körner et al. 2008) was used to
collect participants’ big five personality traits. The overall scale consisted of
30 items including six items per subscale (5-point Likert scale; [1] ”strongly
disagree” to [5] ”strongly agree”). Afterwards, the single items were avera-
ged to the respective subscale scores (Cronbach’s α = .66-.86). Higher score
values always correspond to a higher extent of the respective personality
trait.

Procedure

At the beginning of the online study, participants received information about
the scope of the study, and informed consent was obtained. To contribute
to the study, participants had to hold a valid drivers’ license. Moreover, a
minimum screen resolution of 1280 x 720 pixel was required. Participants
completed a questionnaire that collected sociodemographic information and
personality variables (i.e., sensation seeking and big five personality traits).
Afterwards, participants’ GA to initiate left-turn maneuvers at an interse-
ction in front of different approaching interaction partners was collected. The
participants were instructed to indicate the last time gap when they would
initiate a left-turn maneuver by pressing the enter key. Four test trials were
presented to the participants to become familiarized with the task. Partici-
pants had the opportunity to repeat the test trials if required. Afterwards, 32
trials of data collection followed in a randomized order. The participants did
not receive monetary compensation for contributing to the study that lasted
about 25 minutes.
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Participants

A total of N = 127 participants contributed to the study. Due to extreme
outliers in GA (i.e., ≥ 3 interquartile ranges over the third or under the first
quartile), n = 6 participants had to be excluded from further analysis. The
resulting final sample consisted of n = 121 participants (79 women, 42 men)
with a mean age of M = 36 years (SD = 19.48). All of the participants held
a valid drivers’ license, which was required for participating in the study.

RESULTS

Participants’ GA (in seconds) was analyzed using repeated measures ANCO-
VAs applying the type of the approaching interaction partner and the vehicle
speed as within-subject factors (Greenhouse-Geisser corrected F-values and
degrees of freedom are reported due to violated assumptions of sphericity).
Further results considering the influence of interaction partner and appro-
aching speed on participants’ GA are reported in Hensch et al. (2021).
Participants’ sensation seeking scores and the big five personality traits served
as covariates in the analysis. An overview of the study’s results can be found
in Table 1.

The ANCOVA results revealed a significant main effect regarding parti-
cipants’ sensation seeking scores on accepted time gaps to initiate left-turn
maneuvers in front of different approaching interaction partners (Table 1). To

Table 1. ANCOVA results showing the main and interaction effects across the investi-
gated driver characteristics sensation seeking and big five personality traits
and the factors interaction partner and approaching speed on GA.

Main and interaction effects ANOVA
F p η2p

Sensation seeking F(1, 117) = 11.05 .001 .086
Agreeableness F(1, 117) = 7.12 .009 .057
Extraversion F(1, 117) = 0.12 .731 .001
Conscientiousness F(1, 117) = 0.03 .874 .000
Openness F(1, 117) = 1.19 .278 .010
Neuroticism F(1, 117) = 1.66 .200 .014
Interaction partner x sensation seekinga F(2.09, 244.63) = 7.30 < .001 .059
Interaction partner x agreeablenessa F(2.05, 240.32) = 4.29 .014 .035
Interaction partner x extraversiona F(2.01, 235.22) = 0.64 .531 .005
Interaction partner x conscientiousnessa F(2.00, 234.36) = 1.23 .295 .010
Interaction partner x opennessa F(2.01, 235.64) =1.26 .287 .011
Interaction partner x neuroticisma F(2.02, 236.32) = 0.37 .694 .003
Speed x sensation seekinga F(1.28, 150.20) = 7.40 .004 .060
Speed x agreeablenessa F(1.28, 149.25) = 3.85 .042 .032
Speed x extraversiona F(1.27, 148.37) = 0.07 .855 .001
Speed x conscientiousnessa F(1.27, 148.69) = 0.65 .456 .006
Speed x opennessa F(1.26, 147.65) = 1.13 .303 .010
Speed x neuroticisma F(1.27, 148.68) = 1.16 .297 .010

Note. N = 121. Statistically significant results are highlighted in bold. aGreenhouse-Geisser-corrected
F-values and degrees of freedom are reported.
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Figure 2: Accepted time gaps in seconds across sensation seeking scores and the type
of interaction partners (left) and the speed of the approaching interaction partners
(right).

visualize the differences, a median split (cut-off value = 2.88) was conducted
on the sensation seeking scores to create two distinct groups of participants
scoring higher (N= 56;M= 3.55, SD= 0.44) and participants scoring lower
in sensation seeking (N = 65; M = 2.41, SD = 0.36). In detail, participants
with higher sensation seeking scores accepted smaller time gaps resulting
in riskier decisions to initiate left-turn maneuvers in front of the approach-
ing interaction partners (MHigh BSSS = 7.14, SDHigh BSSS = 2.20) compared
to participants with lower sensation seeking scores (MLow BSSS = 8.22,
SDLow BSSS = 2.14; Figure 2). Moreover, the analysis revealed a significant
interaction between participants’ sensation seeking scores and the type of
interaction partner regarding GA (Table 1). As Figure 2 displays, the lar-
gest differences between the groups in accepted time gaps were found for
the passenger car. Whereas, the smallest differences in accepted time gaps
between the sensation seeking groups were revealed for the bicycle as an
interaction partner. In addition, a significant interaction of participants’ sen-
sation seeking scores and vehicle speed was found (Table 1). The differences
in GA between the groups decreasedwith increased speeds of the approaching
interaction partner (Figure 2).

Considering the big five personality traits, a significant main effect was
found for participants’ agreeableness scores on GA (Table 1). Again to visu-
alize the differences, a median split was conducted to create two distinct
groups (cut-off value = 4.00) of participants scoring higher in agreeable-
ness (N = 48; M = 4.48, SD = 0.24) and participants scoring lower in
agreeableness (N = 73; M = 3.52, SD = 0.42). Participants with higher
agreeableness scores selected larger time gaps representing rather coopera-
tive interactions (MHigh agree = 8.01, SDHigh agree = 2.15) in contrast to the
time gaps that were selected by participants with lower agreeableness scores
(MLow agree = 7.53, SDLow agree = 2.26; Figure 3). Moreover, a significant
interaction between participants’ agreeableness scores, and interaction par-
tner was found (Table 1). The largest differences between the two groups in
GA were found for the passenger car, whereas the smallest differences were
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Figure 3: Accepted time gaps in seconds across agreeableness scores and the type of
interaction partners (left) and the speed of the approaching interaction partners (right).

revealed for both, the scooter and the bicycle (Figure 3). In addition, the
analysis revealed a significant interaction effect between participants’ agreea-
bleness scores and vehicles’ speed levels (Table 1). The differences in accepted
time gaps decreased with higher speed levels up to a speed of 20 km/h of the
approaching interaction partner and increased again when the interaction
partner approached with a speed of 25 km/h (Figure 3). There were no signi-
ficant main or interaction effects revealed for the remaining big five factors
(i.e., extraversion, conscientiousness, openness, and neuroticism; Table 1).

CONCLUSION

The current study focused on the influence of drivers’ sensation seeking
and big five personality traits on accepted time gaps to initiate left-turn
maneuvers as a basis for intuitive interactions in AVs. Therefore, partici-
pants indicated their GA to initiate left-turn maneuvers in front of different
interaction partners approaching with different speed levels from a driver’s
perspective. The findings revealed that drivers’ sensation seeking and agre-
eableness as personality traits influenced accepted time gaps as a specific
parameter of driving style. In detail, participants scoring higher in sensation
seeking accepted smaller and thus riskier gaps to initiate left-turn maneuvers
than participants scoring lower in sensation seeking. The results are in line
with findings of a field study conducted by Heino et al. (1996), who repor-
ted shorter headway distances during a free following task for participants
scoring higher in sensation seeking compared to participants scoring lower
in sensation seeking. Regarding the effect of the big five personality traits
(i.e., agreeableness, extraversion, conscientiousness, openness, and neuroti-
cism) on GA, drivers’ agreeableness was shown to influence selected time
gaps to initiate left-turn maneuvers. In particular, drivers scoring higher in
agreeableness selected larger and thus more cooperative time gaps to initiate
left-turn maneuvers in front of the approaching interaction partners than
drivers scoring lower in agreeableness. Driver agreeableness was generally
shown to be related to an increased polite and calm driving style that com-
prises, for instance, anticipating prospective movements of other traffic
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participants (Taubman-Ben-Ari and Yehiel 2012). Thus, larger accepted time
gaps might be interpreted as a result of increasingly anticipated movements of
other traffic participants that allow for advanced proactive and cooperative
driving actions such as larger GA. However, despite a statistically significant
influence of drivers’ agreeableness scores on GA, the absolute time differe-
nces are negligibly small for a practical implementation in AVs. Furthermore,
no differences in accepted time gaps considering extraversion, conscientious-
ness, openness, and neuroticism could be shown, which is contradicting to
previous findings by Kalantarov et al. (2018). The different results might be
explained by the different perspectives of the studies (Kalantarov et al. 2018:
pedestrians’ perspective vs. current study: drivers’ perspective).

The current study’s findings imply that there is not one single time gap,
which is selected as an appropriate gap, to initiate left-turn maneuvers.
Rather, accepted time gaps are influenced by situational factors, such as the
type or the speed of the approaching interaction partner, personal characteri-
stics, such as drivers’ sensation seeking, and a combination of situational and
personal factors. The identified time gaps could prospectively be implemen-
ted in AVs to support intuitive encounters between AVs and manual traffic
participants. To support the users’ acceptance, and thus the usage of auto-
mated driving functions, different driving style preferences (i.e., GA as one
specific parameter of individually varying driving styles) should be conside-
red in AVs. Therefore, it appears advisable to implement selectable driving
style profiles in AVs to meet the demands and personal preferences of diffe-
rent user groups (e.g., a dynamic driving style that comprises smaller time
gaps).
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