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Objective: In the present study, we tested to what
extent highly automated convoy driving involving small
spacing (“platooning”) may affect time headway (THW)
and standard deviation of lateral position (SDLP) during
subsequent manual driving.

Background: Although many previous studies have
reported beneficial effects of automated driving, some
research has also highlighted potential drawbacks, such
as increased speed and reduced THW during the activa-
tion of semiautomated driving systems. Here, we rather
focused on the question of whether switching from auto-
mated to manual driving may produce unwanted carry-
over effects on safety-relevant driving performance.

Method: We utilized a pre—post simulator design
to measure THW and SDLP after highly automated
driving and compared the data with those for a control
group (manual driving throughout).

Results: Our data revealed that THW was reduced
and SDLP increased after leaving the automation mode.
A closer inspection of the data suggested that specifi-
cally the effect on THW is likely due to sensory and/or
cognitive adaptation processes.

Conclusion: Behavioral adaptation effects need
to be taken into account in future implementations of
automated convoy systems.

Application: Potential application areas of this
research comprise automated freight traffic (truck con-
voys) and the design of driver assistance systems in gen-
eral. Potential countermeasures against following at short
distance as behavioral adaptation should be considered.
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OBJECTIVE AND BACKGROUND

Systems that support or automate parts of
the driving task are part and parcel of modern
automobiles. Some research groups predict that
full vehicle automation may be implemented on
roads as soon as 2030 (e.g., Walker, Stanton,
& Young, 2001, with respect to British roads).
Current technical implementations mainly differ
in the degree of automation. For example, sim-
ple cruise control assists the driver in maintain-
ing constant speed, whereas modern (semiauto-
matic) adaptive cruise control (ACC) systems
utilize distance information to keep speed with
the vehicle in front, typically by controlling both
acceleration and braking responses of the car.
Probably the most advanced technical imple-
mentation of automated driving is known as
the automated highway system (AHS), or “pla-
tooning.” These terms refer to “a system that
combines vehicle and roadway instrumentation
to provide some level of automated (‘hands-off/
feet-off”) driving” (e.g., Levitan & Bloomfield,
1998). Thus, this transportation system allows
the road infrastructure to guide the vehicle auto-
matically in place of the driver. Specifically,
electronic devices are used for communication
purposes through satellites, linking the cars to
the infrastructure. As a consequence, the system
allows many vehicles to accelerate or brake
simultaneously and to follow each other with
small distances (“electronic drawbar”).

In recent years, several potential implementa-
tions of automated driving have been the subject
of intense research (Merat & Lee, 2012). Exam-
ples of recent European projects include the
Have-it project coordinated by Continental,
SARTRE (http://www.sartre-project.eu), City-
Mobil (http://www.citymobil-project.eu), and
EASY, a project funded by the U.K. research
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Figure 1. Scenario for electronically coupled truck
convoys on parts of the driving route as envisioned
within the KONVOI project. Source: Henning and
Preuschoff (2003). Reprinted with permission.

council. The present study was developed as an
offspring of an earlier German project KONVOI
(RWTH Aachen University, 2005-2009, funded
by the German Ministry for Education and
Research), which was specifically aimed at
studying the automation of truck convoys
(freight traffic) on parts of their driving route
(see Figure 1). Typically, a vehicle in the leading
position would be followed by other vehicles at
very small distances. The automation covers the
leadership of the track and the regulation of both
distance and speed during the (highly auto-
mated) convoy trip.

Potential benefits of highly automated driv-
ing comprise economical and ecological aspects
in terms of increased efficiency, predictability of
trip times, and reduced environmental pollution
due to a decrease in fossil fuel consumption and
emissions (Levitan & Bloomfield, 1998). In
contrast, there may be concerns with respect to
the driver’s behavior and acceptance regarding
comfort- and safety-related issues. In the present
study, we focus on potential carryover effects
when switching from automated driving to man-
ual driving and present some exploratory data on
drivers’ overall acceptance of automated convoy
driving.

Several studies have shown that automation
systems may cause changes in driving behavior.
These studies, which are mainly concerned with
ACC systems, basically focus on behavioral
adaptations to automation systems during the
time in which these systems are activated
(Rudin-Brown & Jamson, 2013). Although in
basic research the concept of (sensory and
behavioral) adaptation typically refers to the

change in responsiveness due to sustained stim-
ulation (e.g., Wark, Lundstrom, & Fairhall,
2007), a broader definition of adaptation with
respect to road user behavior was proposed by
the OECD Research Group (1990):

Behavioural adaptations are those behav-
iours which may occur following the
introduction of changes to the road-
vehicle-user system and which were not
intended by the initiators of the change;
behavioural adaptations occur as road
users respond to changes in the road trans-
port system such that their personal needs
are achieved as a result; they create a con-
tinuum of effects ranging from a positive
increase in safety to a decrease in safety.
(p. 23; also see Fuller, 1984; Summala,
1997; Vaa, 2013; Wilde, 1988)

More specifically, previous studies on adap-
tation during activated ACC systems have
reported several safety-relevant effects on cog-
nition and behavior. For example, Stanton and
Young (2005) observed reduced situation aware-
ness as a byproduct of ACC. Hoedemacker and
Brookhuis (1998) reported that drivers showed
increased speed and braking force as well as
smaller minimum time headway (THW; also see
Ward, Fairclough, & Humphreys, 1995). Heino,
Rothengatter, and Van der Hulst (1995) found
decreased THW, too, and also reported greater
THW variability. Rudin-Brown and Parker
(2004) reported that ACC systems evoked
behavioral adaptation in terms of changes in
workload and driving performance, including
impaired lane-keeping performance (standard
deviation of lateral position; SDLP). A meta-
analysis of behavioral effects of ACC lends fur-
ther support to the claim that increased speed
and decreased THW are major effects of auto-
mated systems (Dragutinovic, Brookhuis,
Hagenzieker, & Marchau, 2005; for a brief over-
view, also see Saad et al., 2005).

Although the studies focused on behavioral
adaptation during the activation of automation
systems, much less is known about potential
carryover effects on manual driving after deacti-
vation of the automated driving mode. For
example, Levitan and Bloomfield (1998)
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demonstrated carryover effects after being
engaged in an AHS if vehicle control was passed
to the driver at a relatively high speed in the
automated lane. Under these conditions, partici-
pants drove much faster than the stipulated
speed limit after entering the nonautomated lane
(also see de Vos, Theeuwes, Hoekstra, &
Coemet, 1998). Similarly, a dual-task study by
Merat, Jamson, Lai, and Carsten (2012) showed
that regaining control of driving is specifically
problematic under high cognitive demands.
Wille, Rowenstrunk, and Debus (2008) reported
data from a simulator study with professional
truck drivers, suggesting that SDLP significantly
increased after driving in an automated truck
convoy. Another simulator study from our own
research group (Eick & Debus, 2005) suggested
first evidence that participants who were engaged
in a platoon scenario with small distances to the
front vehicle (i.e., 0.3 s THW) subsequently
chose risky distances of up to 0.5 s (equivalent
to 14 m when driving at 100 km/h) in the post
automated manual driving phase. However, the
data from this study could not definitely be
explained in terms of adaptation processes, and
may well have resulted from time-on-task
effects. Note that both THW and SDLP mea-
sures are highly relevant for traffic safety.
Although small distances are directly associated
with indicators of risky driving (e.g., time to col-
lision), SDLP is typically associated with vari-
ables related to the amount of “weaving” of the
car (Verster & Roth, 2011) and driver distraction
(e.g., Knappe, Keinath, & Meinecke, 2008).
The present simulator study utilized a pre—
post design to present new data on potential car-
ryover effects of automated convoy driving
involving small spacing (“platooning”) on
safety-relevant behavioral parameters. Although
previous studies on behavioral adaptation in
traffic have often addressed processes occurring
on larger time scales (e.g., in terms of a general-
ized behavioral response to new technology; see
Grayson, 1996; Rudin-Brown & Jamson, 2013),
we here study more transient carryover effects
on manual driving performance immediately
subsequent to automated driving. Such carry-
over effects might be based on low-level sensory
adaptation (i.e., drivers might get used to small
spacing and subsequently exhibit a tendency to

underestimate spatial distance), or on higher-
level learning processes (i.e., drivers might
experience that small spacing during automation
did not yield hazardous events, and subsequently
adopt a more risky driving strategy; see risk
homeostasis theory by Wilde, 1988, 2013). (It
should be noted that some claims of risk homeo-
stasis theory have recently been challenged. In
particular, the idea that people are constantly
monitoring risk levels has been questioned in
that there is more support for threshold models
[see, e.g., Lewis-Evans, de Waard, & Brookhuis,
2013].) Thus, we hypothesized that automated
driving with small spacing may lead to signifi-
cantly reduced THWs during subsequent man-
ual driving.

We simultaneously analyzed two parameters,
namely THW and SDLP, and specifically focused
on their time course during pre- and postauto-
mated driving to reveal the underlying mecha-
nisms of potential behavioral changes. In addition,
we implemented a control group (involving man-
ual driving throughout) to control for potential
time-on-task effects. Although previous literature
on manual driving has reported evidence for an
increase of THW with time on task (Van der Hulst,
Meijman, & Rothengatter, 2001), we reasoned fur-
ther empirical support would strengthen our
rationale. We also administered ratings and a ques-
tionnaire to explore drivers’ overall acceptance of
the automation system.

MATERIAL AND METHOD
Research Design

In the automated driving group, participants
underwent three phases, a baseline preauto-
mated (manual) driving period, an automated
driving period, and a postautomated (manual)
driving period. To study potential adaptation
effects, manual driving period (pre vs. post)
served as an independent variable. In the con-
trol group, participants were engaged in manual
driving throughout. To allow for a valid group
comparison (automated driving group vs. con-
trol group), the whole (manual) driving distance
of the control group was divided into three sec-
tions corresponding to those in the automated
driving group (see the discussion later). Depen-
dent variables comprised mean and minimum
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THW as well as SDLP. For the main analyses, ¢
tests and ANOVAs were applied with an alpha
level of 5%.

Participants

In the automated driving group, 11 male and
8 female academic students and employees took
part. Their age ranged from 22 to 43 years (M =
29 years). In the control group, 22 participants
(8 females) took part (age M = 24 years, range =
22-29). Most of the participants had prior expe-
rience with driving simulators and were paid for
participation. In both groups participants had
normal vision and were naive with respect to the
purpose of the study.

Facilities and Apparatus: The Driving
Simulator

The automated driving group was tested at the
Centre for Traffic Sciences at the University of
Wiirzburg. The control group was added later in
time and tested at RWTH Aachen University. The
driving simulators were equipped with the same
simulator software (SILAB, see www.silabsoft.
org) and consisted of a motion system including
a Steward platform (a type of parallel robot that
incorporates six prismatic actuators) with 6° of
freedom (Hexapod), and three passive pneumatic
actuators. The display system covered 180° of
the field of vision (horizontally) projected onto a
spherical screen. The driver was seated in a fully
equipped car. Traffic variables (e.g., oncoming
traffic) and behavioral parameters (THW, SDLP)
were recorded by the simulator software with a
sampling frequency of 100 Hz.

Traffic density in the simulation was low. The
traffic was characterized by monotonously
oncoming passenger cars, which were the only
type of vehicles on the road. Most of the road
sections were straight (including a few curves),
but no intersections or other possibilities for exit
were involved. Only one lane (width: 3.5 m) was
available, thus no cars passed the platoon. Lane
markings, trees, little hills, and a few road signs
were displayed. The same simulated driving
environment was used for manual and auto-
mated driving periods. Participants were able to
see over the leading vehicle (blue VW Gollf,
width: 1.66 m) during manual and automated

Figure 2. Screenshot of the simulator scene
(participant’s view) during manual car following.

driving mode. No other cars were seen in front
of the leading car (see Figure 2). All participants
were monitored during their simulator drive, and
none of them performed any secondary tasks
during the automated mode.

Procedure

In the driving simulator, participants were
engaged in a nonautomated driving mode (pre-
automated period, 12 km) before they switched
to automated convoy driving (33 km). Crucially,
after automated driving they switched back to
a nonautomated driving mode (postautomated
period, 12 km). In the manual preautomated
period, participants were instructed to follow
the car in front. Specifically, they were told that
the driver in front of them was the only person
knowing the correct way to reach a notional
destination (thus, overtaking was prevented).
Participants were free to choose their individual
speed and THW, whereas the car in front was set
to a fixed speed of 100 km/h. The subsequent
automated mode was initiated by activating two
systems: the ACC, regulating both speed and
following distance, and heading control (HC),
assisting the driver in his or her lateral tracking
task. Together, these systems represent a high
level of driving automation. During the auto-
mated phase the cars were coupled with very
short THWs of 0.3 s (equivalent to 8 m while
driving at 100 km/h). Note that the benefits of
automated driving mentioned in the introduction
(e.g., reduced fuel consumption and pollution)
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call for such very short THWs. The coupling
period also involved a constant speed of 100
km/h. In the middle of this period (after 16.5
km) participants were involved in ratings (utiliz-
ing 15-point Likert-type scales ranging from 1 =
not at all to 15 = highly) with respect to bore-
dom, fatigue, and difficulty. Rating questions
were presented orally by the investigator (using
loudspeakers), whereas the corresponding scale
was visually present on a paper sheet attached
to the middle of the steering wheel. Participants
responded orally to the rating questions, and
their answers were recorded via microphones.
The rating scales (and the corresponding paper
sheet) were explained to the participants prior
to the simulator drive. An additional overall
rating concerning the comfort and acceptance
of highly automated driving (in the automated
driving group only) was conducted after the
experiment and outside the simulator.

The automated driving period ended by deacti-
vation of both systems (ACC and HC), announced
by the investigator through loudspeakers. After
deactivation, the car in front accelerated to pro-
duce a comparatively large distance to the partici-
pant’s car. Drivers were instructed to take over the
control of their own car, and to indicate when they
reached their intended distance to the car in front.
This was accomplished by all participants within
the first 2 km after decoupling. The automated
driving mode covered a longer distance than the
manual driving modes to ensure that participants
had a reasonable amount of time to adapt to the
automated mode.

In the control group, participants were given
the same instructions but they were driving 60
km without any assistance (i.e., comparable to
the manual periods in the automated driving
group). All environmental conditions (e.g.,
velocity of the leading car, road conditions,
oncoming traffic) were comparable to the auto-
mated driving group, and they were also
involved in the same rating procedure during
driving at the corresponding point in time.

RESULTS
THW and SDLP

For a general pre—post comparison in the
automated driving group, the first 2 km of the

preautomated period were defined as exercising
distance and excluded from the analysis. Simi-
larly, the first 2 km of the postautomated period
(i.e., the decoupling phase) were excluded. For
aggregation of the THW data, we averaged
across all THW data samples within each route
section of interest (or, for more fine-grained
analyses, for sections of 2 km; see the discus-
sion later). SDLP was computed by using a
variable coding the car’s distance to the outer
traffic lane markings. SDLP represents the stan-
dard deviation of all corresponding data samples
within each route section of interest.

Crucially, THW was significantly reduced
from preautomated period (mean THW = 2.7 s,
mean minimum THW = 1.5 s) to postautomated
period (mean THW = 2.1 s, mean minimum
THW=1.15s), #(18)=3.26,p<.05,d=0.87, and
t(18) = 2.83, p < .05, d = 0.76, respectively. Sin-
gle participants even exhibited THW of 0.5 s
after automated convoy driving.

One problem with the present pre—post design
is that a reduction of THW in the postautomated
period may not be specifically due to the auto-
mated phase, but simply represent a time-on-
task effect (e.g., see de Waard & Brookhuis,
1991). Thus, the lower values in the postauto-
mated period may simply represent the end of
the tail of a monotonically decreasing THW
function (even though previous research rather
suggested a positive correlation of time on task
and THW; see Van der Hulst et al., 2001). To
explicitly test this alternative explanation, we
first implemented a more fine-grained analysis
of THW for small (2 km) sections 10 km before
and 10 km after decoupling from automated
driving. Note that a time-on-task effect should
be reflected in a decrease of THW in both the
preautomated and postautomated period (or,
alternatively, a flat distribution in the postauto-
mated period). However, we found opposite lin-
ear trends in THW distributions before and after
automated driving. Although THW systemati-
cally decreased during the preautomated period,
F(4,72)=4.73, p < .05, we observed a signifi-
cant linear increase in the postautomated period,
F(4,72) = 4.69, p < .05, which is the first evi-
dence against a time-on-task explanation. Of
interest, THW at the end of the postautomated
automated driving phase rose to about the same
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Figure 3. Fine-grained analysis of time headway
(THW) pre— and post—automated driving in the
automated driving group.

level as THW at the end of the preautomated
period (see Figure 3), suggesting that partici-
pants appear to recover their preferred THW
level about 10 km after decoupling from the
automated phase. This observation also suggests
that the length of the postautomated driving sec-
tion was sufficiently long to track this process of
recovery.

In addition, we compared pre- and post-THW
results between groups by analyzing exactly the
same road sections. A mixed 2 x 2 ANOVA with
group as a between-subjects factor and period (pre
and post critical phase) as a within-subject factor
resulted in a significant interaction of group and
period for mean and mean minimum THW (Figure
4), F(1,21)=12.61, p <.001 for mean THW, and
F(1,21)=6.58, p <.05 for mean minimum THW.
Thus, we did not observe a reduction of THW as a
function of time on task in the control group, a
finding that clearly rules out time on task as an
alternative explanation of the adaptation effects.

In addition, an analysis of the complete driving
route in the control group revealed that THW in
the control condition systematically increased
over time (Figure 5), which was indicated by a sig-
nificant linear trend, F(5, 105) =4.18, p <.05 (see
Van der Hulst et al., 2001, for similar results).

SDLP in the automated driving group signifi-
cantly increased from 0.18 m in the preautomated
period to 0.22 m in the postautomated period (i.e.,
after automated driving), #18) = 4.51, p < .001,
d=0.9. Again, we also analyzed exactly the same
driving sections in the control group and com-
pared them to the data in the experimental condi-
tion. Unlike the THW results, there was no sig-
nificant interaction between period and group and
no significant main effect of group, both < 1. We
observed a significant main effect only of period

|
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Figure 4. Mean and mean minimum time headway (THW) of the
automated driving group and the control group pre— and post—

critical road section.
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Figure 6. Mean standard deviation of lateral position
(SDLP) for both groups during pre and post periods.

(increase from pre to post), F(1, 21) =30.84, p <
.01, which thus appears to reflect a time-on-task
effect (Figure 6).

In line with these data, the analysis of SDLP
over the whole driving route in the control group
showed a systematic increase over time, F(5,
105)=9.52, p <.05 (Figure 7).

Explorative Rating and Questionnaire
Data: Mental State and Acceptance

Rating data (using a 15-point Likert-type
scale from 1 = not at all to 15 = highly) referred
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Figure 7. Mean standard deviation of lateral position
(SDLP; including SE) for 10 km sections in the
control group.

to perceived boredom, fatigue, and difficulty of
the driving task in the middle of the automated
phase and at the corresponding point in time
in the control group. Although it appears dif-
ficult to clearly interpret the mean values given
the absence of normative data, our attempt
to associate verbal descriptors to the scale
values may justify drawing at least some pre-
liminary conclusions. Specifically, we observed
relatively high ratings for boredom (automated:
M =12.5, SD = 2.0; control: M = 12.9, SD =
1.6) and fatigue (automated: M = 9.3, SD = 3.6;
control: M= 6.9, SD =3.5). The difficulty of the
driving task was rated as being comparatively
low (automated: M = 4.3, SD = 2.3; control:
M=3.5,5D=1.7; see Figure 8). Only the group
difference in fatigue was statistically significant,
1(38)=2.19, p <.05.

After simulator driving, participants in the
automated driving group were further asked
how comfortable and safe they would rank the
automation system in general, and how close
they perceived the distance during automated
driving. As a result, more than half of the par-
ticipants rated the automated driving system as
being “highly uncomfortable,” whereas no one
rated it as being “comfortable” (see Figure 9a).
The distance during the automated coupling
period was judged as “very close” by more than
80% of the participants (Figure 9b).

The majority of participants (67%) rated
the automated system as being “safe” or
“more safe than unsafe.” In contrast, only 10%
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Figure 8. Participants’ rating of their own state
during highly automated driving and during manual
driving in the control group.

considered the automated system as being
“unsafe” (Figure 10).

DISCUSSION

In the present simulator study, we utilized a
pre—post simulator design including a control
group to study carryover effects of automated
convoy driving involving small spacing (“pla-
tooning”) on THW and SDLP during subse-
quent manual driving. In general, THW was
reduced and SDLP increased after leaving the
automation mode, replicating previous reports
from our group (Eick & Debus, 2005; Wille
et al., 2008). However, a closer inspection of
the data and comparisons with the control group
(which was involved in manual driving through-
out) suggested that only the effect on THW
could clearly be attributed to automated driving,
representing a behavioral carryover effect that
lasted for about 10 km after decoupling from
the automated phase. Note that small THW is
directly associated with indicators of risky driv-
ing (e.g., time to collision), so that these results
potentially bear important implications for real-
life implementations of AHS.

Unlike the THW data, the SDLP results
across groups suggested that a time-on-task

account would be quite in line with our data (see
Verster & Roth, 2001, for similar results). SDLP
is sometimes considered to be an indicator of
drivers’ distraction or inattentiveness (e.g.,
Knappe et al.,, 2008; Zwahlen, Adams, &
DeBald, 1988), and it could well be that the
observed increase of SDLP is a mere result of
the long time participants spent driving in the
simulator.

Overall, the present results are in line with
results from other research groups reporting
potentially negative carryover effects of auto-
mated driving on subsequent manual driving
performance. Specifically, it was reported that
ACC systems may lead to an increase in speed
even after the control over the vehicle is com-
pletely passed to the driver again (e.g., de Vos
et al., 1998; Levitan & Bloomfield, 1998). Our
results also complement previous research that
was mainly focused on behavioral effects of
ACC during the automated phase itself (e.g.,
Dragutinovic et al., 2005; Heino et al., 1995;
Hoedemaeker & Brookhuis, 1998; Rudin-
Brown & Parker, 2004; Saad et al., 2005; Ward
et al., 1995) and reported an increase in speed
and decreased THW during active ACC.

The observed carryover effects of automated
convoy driving on subsequent THW in manual
driving may represent a behavioral change
resulting from sensory and/or cognitive adapta-
tion processes. In physiology the concept of
(sensory or behavioral) adaptation typically
refers to a change in (sensory or behavioral)
responsiveness due to sustained stimulation
(e.g., Wark et al., 2007). When transferring this
concept of adaptation to the current driving set-
ting, it may well be that the drivers in our study
experienced sensory adaptation with respect to the
small forced THW during the automation phase
(representing a sustained stimulation). When leav-
ing the automation mode, it is possible that
participants perceive small THWs as being less
small (or, alternatively, as less threatening) when
compared to the preautomated period. Similar
contextual effects are also known from other
psychological domains. For example, a man
who is six feet tall will look “tall” when sur-
rounded by others of average height but “short”
among a group of professional basketball play-
ers. Apparently, context may alter the frame of
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Figure 9. Participants’ ratings of comfort and distance during highly
automated driving.
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Figure 10. Participants’ rating of the safety of highly automated driving.

reference and thus apparent size (e.g., Helson, = change may reduce perceptual abilities (e.g.,
1947, 1964). In addition, psychophysical studies ~ Lauterbach & Sarris, 1980). However, it should
demonstrated that a continuous lack of stimulus ~ be noted that the traffic simulation utilized in the
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present study exhibited comparatively low traf-
fic density, which might have increased the driv-
ers’ tendency to keep short THWS.

An alternative underlying mechanism for our
observed adaptation effect could be based on
learning processes. More specifically, drivers may
have associated small THW with the absence of
hazardous events during automated driving, and
this experience may implicitly or explicitly carry
over to subsequent manual driving, resulting in an
altered perceived field of safe travel (Gibson &
Crooks, 1938) and eventually in a riskier driving
strategy (see Wilde, 1988, 2013). The current
results also fit nicely into a broader framework of
adaptation in traffic systems proposed by the
OECD Research Group (1990), who defined
adaptation as an unwanted behavioral response to
the introduction of new traffic-related technical
implementations (also see Rudin-Brown & Jam-
son, 2013). Although the introduction of auto-
mated convoy driving may well reduce the risk of
accidents during the automated phase itself, there
may also be unwanted risk-prone aftereffects that
should be seriously considered in future technical
implementations. Based on our present data, it
appears important to highlight that single partici-
pants even seemed to completely adapt to the very
small distance from the automated coupling
period.

Many studies have shown that (semiauto-
matic) ACC systems are comfortable and trust-
worthy for drivers (Hoedemaeker & Kopf, 2001;
Nilson, 1995). The perceived comfort even
increased when ACC also involved automated
braking. Rudin-Brown and Parker (2004) found
that participants developed extensive trust in
ACC, which was not even impaired by ACC
failure. In a study by Vollrath, Briest, and Oeltze
(2010) participants rated driving with ACC as
being safer and less stressful than without.
Unfortunately, acceptance studies of highly
automated convoy driving are comparatively
rare. For example, Levitan and Bloomfield
(1998) examined the driver’s acceptance in an
AHS while driving with gaps between 1.8 m and
2.7 m and with velocities between 105 km/h and
200 km/h. Generally, drivers preferred larger
gaps but felt equally comfortable at any speed.
De Waard, van der Hulst, Hoedemaeker, and
Brookhuis (1999) compared drivers’ ratings

before and after being exposed to the AHS. Of
interest, acceptance did not change significantly
after experience with the system. However,
some drivers disliked the fact that they had no
control over the vehicle.

The explorative rating data in the present
study suggest that the potential safety-critical
drawbacks are not seriously considered by the
majority of participants. Although the distance
during the automation phase was rated as being
very close and the situation was mainly experi-
enced as being uncomfortable and boring (also
see Nilson, 1995; Rudin-Brown & Parker,
2004), about two thirds rated the automation
system as being at least “more safe than unsafe.”
These findings suggest a need for further
research on potential measures to increase driv-
ers’ awareness of potential dangers associated
with highly automated driving.

CONCLUSIONS

Many innovations have been introduced in
automotive technology during the past decades.
Vehicles today involve an increasing amount of
automation, which is, for example, reflected in
the rising importance of (semiautomatic) ACC
systems that sometimes even include THW
feedback (Fairclough, May, & Carter, 1997).
The current research further extends the degree
of automation, representing a trend toward
automatic vehicle control. Although these sys-
tems generally stand for significant advantages
in many areas including traffic safety, the
present study also revealed some hidden risks.
Specifically, we showed that THW substan-
tially decreased after automated driving. Thus,
we recommend that behavioral adaptations
resulting from automated driving should be
taken into account in future implementations of
AHS and highly automated convoy driving. As
potential countermeasures against the observed
carryover effects, we suggest cognitive train-
ings prior to exposure to automated driving
(e.g., explicitly communicating the occurrence,
scope, and risks of adaptation effects) and/or
the implementation of warning signals (e.g.,
based on THW feedback) during decoupling
from automated driving (e.g., Bao, LeBlanc,
Sayer, & Flannagan, 2012; Muhrer, Reinprecht,
& Vollrath, 2012).
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KEY POINTS

e We demonstrate carryover effects of highly auto-
mated convoy driving.

e Our data show that behavioral adaptation of time
headway occurs after switching from automated
to manual driving.

e We report acceptance measures regarding highly
automated driving.
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