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which requires an 1ndarstanding of the human driving behaviour. This work addresses the evaluation of two commu-
nication means on motorway slip road from the perspective of drivers in the riaht Jane. In a video study (N=68)
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ted as less critical and more cooperative. A non-linear relationship emerges for the position of the change. A
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1 Introduction

According to a study by Statista (2020), every one in ten vehicles will be driving autonomously in 2030. At the same
time, 90 % of vehicles will only be partially automated or not automated at all. This results in mixed traffic of auto-
mated and manually controlled vehicles. In order to ensure safe and incident-free traffic, these vehicles will have to
cooperate with each other. For this reason, there is a great need to understand human communication behaviour in road
traffic and to develop concepts to transfer this behaviour to automated vehicles. The development of automated driving
functions on the motorway is already rather advanced due to the comparatively lower complexity of the driving task
compared to inner-city traffic. In 2021, for example, the first vehicle received certification for a SAE Level 3 function
for the motorway driving mode (Mercedes-Benz, 202 AE level 3 is also referred to as “conditional driving automa-
tion” (ORAD, 2021) and includes the execution of all aspects of the driving task by an automated driving function.
The driver still has to be able to take control at any time when requested. So far, automated driving is only possible on
the motorway, not on the slip road. The latter, however, represents the more critical situation and is one of the most
frequent causes of accidents and traffic jams on motorways (Kolen, 2013). Up to now, there has been a large gap in
research on implicit communication behaviour at motorway slip roads and the evaluation of this behaviour by the
cooperation partners.

Within this paper we present the results of an online study on how cooperative and critical different variations of
latarg| lane behaviour (duration and position of the lane change) are evaluated. In addition, it will be investigated

ther the results can be transferred to communication with vehicles marked as automated.
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2 Theoretical Background

Safe, incident-free traffic is based on constant communication between road users. Usually, the communication in
traffic is short and directed, and can be well described by the Shannon-Weaver Model (Shannon & Weaver, 1949). The
model is a universal communication model, which is particularly suitable for use in automated driving because the
aspects of the model can be implemented by technical devices (Schaarschmidt et al., 2021). It states that a message is
encoded by a transmitter and then received and decoded by a receiver. In between, noise can interrupt or distort the
transmission of the signal. At a motorway slip road, the oncoming vehicle (transmitter) may express its intention to

e to the right lane in the current gap by making a lateral movement (Felbel, Dattman, Lindner & Bullinger, 2021).
The receiver, usually a vehicle on the right lane of the motorway, must first recognise this signal and comprehend it in
addition. In between, factors such as rain or backlighting can distort the signal (noise). Automated vehicles wnnld also
be able to use their lateral position as a means of communication or register and interpret the movements of 27 2rs via
their sensor technology.

Schaarschmidt et al. (2021) provide an overview of the possible types of signals used in road traffic for communi-
cation purposes. The list refers to traffic in general, so not all of them are relevant to the situation of motorway slip
roads. For example, the list includes physical gestures and eye contact, which do not play a role due to the speed on
motorways. Relevant, on the other hand, are driving dynamics as a means of communication (Felbel et al., 2021). This
includes acceleration, braking and tannential movements. In addition to the Shannon-Weaver-Model and the means of
communication according to Schaa <c" midt, communication in road traffic can be categorised into explicit and implic-
it communication (Langstrdm & Lundgren, 2015; Imbsweiler et al., 2018). Explicit communication may include hand
nactyres or flashing lights. Implicit communication includes aspects of driving dynamics and requires more interpreta-

than explicit communication. In this paper, the focus is on the investigation of implicit communication through
driving dynamics, especially through tangential movement.

Although a large research gap exists with regard to communication at motorway slip roads, more work has been
done on lane changes on motorways. The motorway slip road is a special case of lane change as it is a forced lane
change. Most other lane changes are unforced changes, for example during an overtaking manoeuvre (Choudhury, Ra-
manujam & Ben-Akiva, 2009). A driving simulator study investigated driving dynamics as a means of communication
during unforced lane changes on motorways (K arffmann, 2018). The influence of the start time of the indicator, the

ing time until the start of the lane change “setting the lane indicator and the snead during the lane change on
the evaluation of the situation by the subjects was investigated. The results showed t . longer duration of the lane
change leads to a more positive evaluation of the cooperation. This effect was even larger when the indicator was used
Iata hefore the lane change. However, no significant difference in the subjective ratings of criticality was found. The

at which the indicator was activated before the lane change was decisive for the assessment of criticality. On
motorway slip roads, the indicator must be used from the beginning of the acceleration lane according to the German
Highway Code and should therefore have no impact. For this reason, the aspect of the duration of the lane change is
particularly rele for this situation. In line with the findings of Kauffmann (2018) for unforced lane change, we
accume that a slower lane change is also evaluated more cooperatively for forced lane rhange. In addition, we assume

a fast lane change is perceived as more critical because the influence of the indicatc - 1< 10t applicable.

Besides the duration of the lane change, the na<ition could also influence the evaluation of the situation. The posi-
tion where the lane change takes place has been stigated in previous studies only from the driver's perspective on
the acceleration lane, not of the cooperation partner on the right lane. According to Marczak et al. (2013), the position
of the driver on the acceleration lane is an important criterion for which gaps the driver rejects and which (s)he ac-
cepts. The closer the driver gets to the end, the more likely (s)he is to accept a smaller gap (Choudhury et al., 2009).
This can cause vehicles in the target lane to decelerate or brake, increasing the effort required by the driver of the vehi-
rla hehind (Haar et al., 2022). Our hypothesis is, that a lane change at the end of the slip road is rated less cooperative

more critical than an earlier lane change.

For the modelling of the driving behaviour of automated vehicles, in addition to an understanding of human be-
haviour, it is important whether the expectations of the behaviour towards automated cooperation partners differ from
those towards human cooperation partners. Therefore, influence of a labelling as an automated cooperation partner on
the evaluation of the communication behaviour will be investigated. This labelling is provided by an external Human-
Machine-Interface (eHMI) and comes, for instance, in the form of a light strip on the chassis (Schieben et al., 2019).
The labelling is intended to increase the acceptance of automated vehicles in the event of norm-deviating behaviour
(Maurer et al., 2015). It can include a function for explicit communication with other road users (e.g. through rhythmic
flashing, cf. Schieben et al., 2019) or merely implicitly label a vehicle as automated (Joisten et al., 2019). An avnlicit


Hervorheben
A vehicle on a motorway slip road (transmitter)...



Hervorheben
should?

Hervorheben
lateral?

Hervorheben
Is that so? Please add a reference. 

Hervorheben
Tanja Stoll also investigated lane changes, you might want to add some of her work

Hervorheben
changes

Hervorheben
What was the exact result?

Hervorheben
I would rather argue that you have not taken into account the turn signal, since an automated vehicle would have to follow exactly this rule and that the turn signal "process" would accordingly always be the same for these vehicles. 

Hervorheben
I don't understand the connection between fast lane change, indicator and criticality rating. From your introduction I understood that the duration of the lane change in Kauffmann's study had no significant influence on the criticality rating. Do you have any reference that indicates that a fast lane change might be perceived as more critical?



Hervorheben
Please specify: the position of the driver on the motorway slip road when changing lanes(?)

Hervorheben
Explicit and implicit might not be the best terms for the two types of eHMI (because you have used these terms with respect to communication); if I understood correctly, the implicit eHMI is an eHMI only signalling that the car is driving autonomously (therefore creating mode-awareness) 

Hervorheben
Could you explain the difference between "start time of the indicator" and "waiting time until lane change after start of indicator use"?

Hervorheben
Does this equal the duration of the lane change? If so, it would be great if you stay with one term

Hervorheben
Does late mean "shortly before the lane change" or "long before the lane change"?

Hervorheben
Following your argumentation, I don't understand why a lane change at the end should be rated more negative. You state that the driver might accept smaller gaps when at the end of the acceleration lane, and that smaller gaps to the vehicle behind might lead to a stronger braking by this vehicle. Therefore, a smaller gap size might lead to negative ratings but not the position per se. 

Hervorheben

lo8164
Notiz
Accepted festgelegt von lo8164

lo8164
Notiz
changed

lo8164
Notiz
None festgelegt von lo8164

lo8164
Notiz
Completed festgelegt von lo8164

lo8164
Notiz
changed

lo8164
Notiz
changed

lo8164
Notiz
None festgelegt von lo8164

lo8164
Notiz
We restructured the whole paragraph about the Kauffmann Study. We put together the results of two substudys which led to some confusion. We decided to focus on one and neglect the part about the use of indicator. 

lo8164
Notiz
See comment above.

lo8164
Notiz
See comment above.

lo8164
Notiz
changed

lo8164
Notiz
This was indeed confusing, we changed it to "communicating eHMI" and "status eHMI" as proposed

lo8164
Notiz
We restructured the whole paragraph about the Kauffmann Study. We put together the results of two substudys which led to some confusion. We decided to focus on one and neglect the part about the use of indicator. 

lo8164
Notiz
See comment above.

lo8164
Notiz
we specified this ("the position on the slip road during lane change")

lo8164
Notiz
This is not as unambigious as stated in the paper, we deleted that part. 

lo8164
Notiz
We would have loved to go into further detail on the literature, unfortunately the author guidelines state a maximum of 20 sources per paper. 

lo8164
Notiz
Unmarked festgelegt von lo8164

lo8164
Notiz
Marked festgelegt von lo8164

lo8164
Notiz
Unfortunately, very little research was done regarding this. We tried to clarify our argumentation by adding ". We assume that this higher effort, which the cooperation partners have experienced in the past, influences the evaluation of the position of lane change. In addition, the lack of alternatives can also affect the evaluation: in the case of a late lane change, the cooperation partner may feel forced to enable the lane change. "

lo8164
Notiz
See comment above.


eHMI has an influence on the interaction between the cooperation partners. Haar, Haeske, Kleen, Schmettow and
Verwey (2022) investigated the influence of an explicit eHMI on a motorway in a driving simulator study. The signal
of the indicator was modified in such a way that it also communicates whether a lane change is planned or imminent.
They showed that the explicit eHMI increases the perceived cooperativeness of the two cooperating partners.

Studies regarding an implicit eHMI, on the other hand, find no significant effect on the behaviour or evaluation of
other road users in inner-city traffic (Joisten et al., 2019; GATEway Project, 2017). Implicit eHMIs just indicate an
automated driving mode to the environment but do not communicate further. In a study with pedestrians, a vehicle was
labelled as automated or manual using an eHMI. The participants indicated when they would cross the road. The sim-
ple labelling without explicit communication did not result in a significant difference in behaviour (Joisten et al.,
2019). The Gateway Project also concludes that a dienlay does not influence the behaviour of other road users
(GATEway Project, 2017). The aim of this study is tc i1n: estigate whether the findings on implicit eHMI from inner-
citv_traffic can be transferred to the situation of the motorway slip road. If an implicit eHMI does not induce differ-

s in the assessment and behaviour of automated vehicles, other findings from traffic research should also be trans-
ferable to automated vehicles.

In this study, two questions will be investigated: 1. How are the two implicit driving dynamic communication
means duration and position of lane change evaluated at a motorway slip road in terms of cooperation and criticality?
2. What influence does an eHM| have on the evaluation of the ronneration situation?

3 “athods

The research questions were addressed in an online study using videos from the first-person perspective of a driver in
the rinht ane. The following chapter describes the Wed-me-feﬁefeaﬂﬁg-t-he video materlal and the methodologlcal

app| 110 data collection. m—a-wdee-etudy—mfe-m

Ry g- Three parameters are varied between the videos.
As the first independent variable, the duration of the change from acceleration lane to the target lane was var-
ied based on the-titerature—Kaufmann, 2018). In adaptation to the setting of a video study, fast to medium fast lane
changes (2s, 4s or 6s) were made.

The second independent variable var-fea the position on the acceleration lane at which the merging vehicle has
completed its lane change The distance fror 1 112 end of the acceleration lane is measured. Since an acceleration lane
in Germany is usually 25C 1! )ng, the distances chosen for the study are Om (end of the acceleration lane), 100m (just
past the middle of the acceleration lane) and 200m (just past the beginning of the acceleration lane).

Thirdly, the appearance of the oncoming vehicle iavaried. In the baseline condition, a grey Audi A4 estate car
(see Fig. 1) is chosen. A highly visible, surrounding turg 101: e light strip was added to this vehicle in half of the videos.
The subjects were instructed that this eHMI indicates thac uie vehicle is driving in automated driving mode and is not
controlled by a human. The design of the eHMI ﬁAadapted from Willbrink et al. (2021). Fhe-driving-sitaations-shown
the-videos-were-assessed-by-participants-inan€ 111 >videe-study- The combination of variables resulted in a total of
18 (3x2x2) videos, which were presented to all parucipants in a within-subject-design. In addition, a sample video was
recorded for the instruction of the subjects.

3.1 Materials

The videos were created using the Silab® driving simulator software. A motorway section with a slip road was gener-
ated in which various scenarios could be created. Figure 1 shows a screenshot of the scenario. The video shows the
driver's perspective of a vehicle in the right lane of a motorway with three lanes in both directions. There is increased

ic density, with a speed of 120 km/h on the left lane and 100 km/h on the middle lane. Traffic in the right lane is
travelling at 80 km/h. A heavy vehicle is visible in front of the driver's own vehicle. No other instruments or mirrors
are displayed, the own speed is shown in the lower right corner. In all videos, the speed of the ~nn vehicle was kept
ronctant at 80 km/h, the distance between the merging vehicle and the ego vehicle is always the si 0~ at the time of the

cle's lane change in the acceleration lane. The distance to the heavy vehicle in front of the ego vehicle is also con-
stant. The merging vehicle accelerates evenly from 50 km/h to 80 km/h in all videos. It reaches the speed of 80 km/h at
the time when the lane change is completed. Since the lane change ends at different positions (Om, 100m, 200m before
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In the video material, three variables were systematically varied, leading to a 3x3x2 within-subject design. 
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Fig. 1: Screenshot from the sample video with an enlarged picture of the cooperation partner with eHMI.

the end of the acceleration lane), the acceleration is different in the three situations. As soon as the merging vehicle
changed lanes, the ego vehicle decelerated to restore the safety distance. After deceleration, the vehicles accelerated
again to 80 km/h. The length of the videos was 20 to 22 seconds, starting several meters before t 2.~ cceleration lane
and ending right behind the end of the acceleration lane.

3.2 Data Collection

Subjects filled out an online survey created by the tool LimeSurvey. The survey took about 15 minutes to complete.
The subjects were recruited via the institute's subject database. As an incentive, three 20€ Amazon vouchers were
randomly awarded to the participants. The requirement for participation in the study was the possession of a driving
licence that allows the operation of passenger cars. Participants were instructed to complete the survey on a tablet or
desktop computer and were not allowed to participate on smaller devices such as a mobile phone.

The survey began with a request for demographic information such as age, gender, years of holding a driving li-
cence and driving experience (kilometres driven per year). In addition, the personal attitude towards automated driving
was asked (-5 = very negative to 5 = very positive). The subjects were informed about the purpose of the study and the
situation was introduced with a demo video. Following the demo video, the subjects had to indicate whether the merg-
ing vehicle in the video was an automated vehicle or not. This was to test the understanding of the function of the
eHMI.

After the demo, the 18 videos were presented in randomised order. The videos could only be viewed once each, it
was not possible to pause them. After each video, two questions were asked as described by Neukum & Kriiger (2003).
Question 1: "How cooperative was the driver on the acceleration lane?" and question 2: "How critical did you find the
situation?". Question 1 was answered on a 10-point scale, which was divided into 5 categories. The categories used
were very low (1-2), low (3-4), medium (5-6), high (7-8) and very high (9-10). Question 2 was answered on an 11-
point ordinal scale from 0-10. The scale was divided into the categories: nothing noticed (0), noticeable (1-3), disrup-
tive to driving (4-6) dangerous (7-9) and vehicle no longer controllable (10).

After the videos, the respondents were asked whether they had recognised the automated vehicles in each video. In
addition, the question on the attitude towards automated driving was repeated. They were further asked if they ex-
pected a difference in behaviour between automated and manual vehicles. If this question was answered affirmatively,
the participants were given the opportunity to name the expected differences in a free text field.
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4 Results

The data set on which the analysis is based comprises 68 subjects (66% male). Inclusion criteria were the complete
answering of the questionnaire, as well as the positive answer to the question whether the subjects hold a driving li-
cence. In addition, nine subjects who answered incorrectly to the control question about automatization following the
sample video were excluded. The demographic data are shown in Table 1. Participation in the study did not signifi-
cantly change attitudes towards automated driving (t (67) = -0.12, p = .91). However, the attitude towards automated
driving (pre study) correlates significantly with the age of the subjects r = -.66, p < .01).

Table 1: Means and standard deviations of demographic data (N = 68)

Variable M SD
age 29.53 13.74
years of holding a driver’s licence 5.74 5.17
driving experience (in km per year) 6671.03 8068.08
attitude towards automated driving (pre) 1.44 2.68
attitude towards automated driving (post) 1.46 2.63

Note. M and SD represent mean and standard deviation, respectively

During the evaluation of the three predictors (duration and position of lane change and eHMI), a systematic error
in the video recording became apparent: In the condition of the fast lane change (2s) at the middle position (100m)
without eHMI, the ego vehicle braked down significantly more than in the other videos, particularly the corresponding

o with eHMI. Therefore, the eHMI factor is first considered separately. If the two videos in question are excluded
from the analysis, there is no significant difference between the factor levels of eHMI for both criteria (tcoopera-
tion (67) = 1.17, p = .245; teriticaiity (67) = -0.37, p = .716; see figure 2). Since the factor “eHMI” shows no significant
effect and the systematic error occurs in the condition without eHMI, all following analyses refer to the videos with
eHMI.

10 10
8 o}
8 8 C8’ o]
6 ' 6 1
4 ' 4
o o
0 0
with eHMI without eHMI with eHMI without eHMI
Percewed Cooperation Perceved Cnticality

Fig. 2: Boxplots of the influence of the eHMI on the dependent variables.

The influence of the two means of communication (duration and position of lane change) on the two criterions “per-
ceived cooperation” and “perceived criticality” is calculated with two two-factor ANOVAs with repeated measures.
Violations of the sphericity are corrected with the Greenhouse-Geisser adjustment. The results of the analysis are
shown in Table 2.
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Table 2: Two-factor ANOVA with repeated measures with perceived cooperation and perceived criticality as the criteria

Sum of df dferror Mean F p partial n2
Squares Square
Perceived cooperation
duration 543.79 2.00 134.00 271.89 107.58 <.001 .62
position 144.33 1.63 109.19 88.56 24.127 <.001 27
duration x position 124.34 4.00 268.00 31.09 14.81 <.001 .18
Perceived criticality
duration 850.27 2.00 134.00 425.13 165.41 <.001 71
position 206.83 1.79 120.10 115.39 37.81 <.001 .36
duration x position 164.28 3.57 238.83 46.09 18.05 <.001 21

The main effect "duration of lane change" can be interpreted independently of the interaction effect for both criteria: a
er lane change leads to a more cooperative rating of the driving behaviour. The situation is assessed as less critical
(see table 3). This effect is not dependent on the position of the lane change.

Table 3: Means and standard deviations of the perceived cooperation and criticality for the duration of lane change (N = 68)

Perceived cooperation Perceived criticality
Duration of
lane change M SD Category M SD Category
2s 3,74 1,48 low 5,90 1,63 disruptive
4s 5,37 1,64 medium 3,80 1,55 disruptive
6s 5,97 1,56 medium 3,14 1,45 noticeable

Note. M and SD represent mean and standard deviation, respectively. The categorisation corresponds to the categories pro-
posed by Neukum & Kruger (2003), which were presented in the questionnaire next to the numerical response option.

The main effect "position of the lane change™ can only be interpreted with regard to the interaction. For a fast lane
change (2s), there is an almost linear relationship with the position: If it is performed early (with 200m distance to the
end of the acceleration lane), it is evaluated as more cooperative and less critical than if it is performed shorter before
the end of the acceleration lane. For a medium-fast (4s) and slow lane change (6s), however, there is an inverted U-
shaped relationship with position: A lane change in the middle of the acceleration lane (100m) is rated as more cooper-
ative and less critical than an early (200m) or late (Om) lane change (see Figure 3).

Duration Duration

g >
g s g
3 &
5 ¢ 4
a 3
] >
1
1 0
Om 100m 200m om 100m 200m
Position Position
Fin 3: Diagram of the influence of the position of lane change on the dependent variables.


Hervorheben
You have found an interaction effect, therefore the main effect cannot be interpreted independently of the interaction effect. From M and SD (Table 3) I would expect to find a significant difference between 2s and 4s and 2s and 6s but not between 4s and 6s. If so, there isn't a linear relationship between duration and rating. 



I would suggest to run post-hoc tests to clearly show which conditions differ significantly and only interpret these differences. 

Hervorheben
Please specifiy the meaning of the circles (=mean?) and error bars (= standard error of the mean?)

lo8164
Notiz
Since a semi-disordinal interaction is present, this main effect can be interpreted (opposed to the position of lane change, where it can only be interpreted with regard to the interaction). We added this explanation to the text. 
Also, we added the results of the post hoc tests, which show significant differences for all conditions

lo8164
Notiz
we added the description


In the post-questionnaire, 72 % of the subjects stated that they expect a different behaviour from automated vehicles
compared to those controlled by humans. However, the reasons given are controversial: on the one hand, automated
vehicles are expected to behave in a more optimised (19 out of 49 inputs) and predictable (14 out of 49) way, while on
the other hand, automated vehicles are also expected to behave unexpectedly or to malfunction (11 out of 49).

5 Discussion

Tha results show no significant influence of the eHMI on the evaluation of the situation. In contrary, the duration as
as the position of the lane change significantly influence the evaluation. A slower lane change is perceived as
more cooperative and less critical. In the case of a medium-fast and slow lane change, a change in the middle of the
acceleration lane is preferred. A fast lane change is perceived as uncooperative and critical especially at the end of the
arcaleration lane. Thus, the results of our study are in line with the findings in the literature. The implicit eHMI has no
ficant influence on the evaluation of the interaction, comparable to the results of Joisten et al. (2019) and
Schieben et al. (2019). This finding suggests that results from studies on the evaluation of human behaviour in road
traffic can be used for the development of automated vehicles. A majority of the subjects in the follow-up survey state
they expect different behaviour from automated vehicles. However, the qualitative evaluations show that most test
persons expect optimised and more predictable behaviour from automated vehicles, thus the absence of human errors.
Results on the desired behaviour of manual cooperation partners should therefore also correspond to these require-
ments for optimised behaviour. The hypothesis that a faster lane change is perceived as more uncooperative and criti-
as also been confirmed. This result is consistent with previous findings from research on driving behaviour during
an unforced lane change (Kauffmann et al., 2018). In contrast to the unforced lane change, in a motorway slip road the
iion of the lane change cannot be communicated by the direction indicator, as it is switched on throughout the
acceleration lane. It is suspected that this is one of the reasons why tha duration of the lane change is more relevant
than in Kauffmann et al. (2018). Probably, a slow lane change on tt = » otorway slip road is interpr as an early
munication of the intention to change lanes, similar to an e indicator in the case of an unforced lane change
and s thus evaluated as more cooperative and less critical. A non-unear relationship is found between the position of
ane change and the evaluation: both an early lane change directly at the beginning of the acceleration lane and a
late lane change at the end of the acceleration lane are evaluated as significantly more uncooperative and critical than
one in the middle of the acceleration lane. However, this only applies in combination with a medium-fast or slow lane
change. The more negative evaluation of the late lane change ~an be explained by the fact that the change at the end of
the acceleration lane is considered as more enforced (Marczal .t al., 2013). Due to the lack of alternative actions, the
situation is perceived as more critical and less cooperative. An early change, on the other hand, may be perceived as
more unexpected and thus more critical and less cooperative.

The present study is subject to some limitations. First, the results are based on the assessment of video recordings
in an online survey. Some of the problems of this study format were countered with control questions. For example,
records of subjects who did not correctly answer the question about the presence of eHMI in a test video were exclud-
ed. In addition, a minimum completion time for the questionnaire was set and replaying of the videos was prohibited.
Studjes also show that the perception of traffic situations in video studies is good (Imbsweiler, 2019). Nevertheless, the

ts should be replicated in a more realistic setting, such as a driving simulator study. A second limitation is the
damographics of the sample: the average age of about 30 years is significantly below the population average. Further-

3, we found a negative ct 7= ation between age and attitudes towards automated driving. It is also interesting to
note that although there is no significant difference in attitudes towards automated driving before and after the survey,
tha correlation with the age decreases: It is possible that a familiarisation with the topic can improve attitudes towards

pecially among older respondents.

Thirdly, an error in the creation of a video without eHMI made the comparison between the conditions difficult.

In addition to validating the results in a realistic setting, future research should address other aspects of implicit
communication at motorway entrances: According to the list of Schaarschmidt et al. (2021), the means of driving
dynamic communication include lateral movement, which was analysed in the present study, as well as tannential
movements (braking and accelerating). This aspect should receive more attention in future research.


Hervorheben
at least if the lane change is performed in the middle or at the end of the acceleration lane. 

Hervorheben
Please change according to the results of your post hoc tests. 

Hervorheben
I would omit this part. In your study, participants evaluated a concrete behavior/situation vs. gave their general opinion on potential differences between automated vehicles and human drivers. These are two very different aspects. I can easily expect automated vehicles to drive safer (in general) than human drivers and still evaluate a situation as un/critical independent of the vehicle's automation status. 

Hervorheben
Also in an unforced lane change, the exact position of the lane change cannot be communicated by the indicator (only the wish/intention to change lanes)

Hervorheben
is more relevant for what?

Hervorheben
You have not manipulated the indicator use, therefore you cannot say that duration is more relevant in this scenario. 

Hervorheben
In your scenario, the ego driver knows for sure that the other vehicle will change lanes. S/he just doesn't know when exactly and whether it is in front of or after him/her. Therefore, it might not be about the early communication of intention but about more time to react to the lane-changing vehicle.  

Text einfügen
, i.e., 4s or 6s in this study,

Hervorheben
Please change according to the results of your post hoc tests. 

Hervorheben
You might want to tone down this phrase - it looks like it is only one study that has shown that a lane change at the end is considered more enforced. 

Hervorheben
You write "studies" but only mention one reference; I would suggest to add more references (especially because the validity of online video studies is a big issue)

Hervorheben
You could add the age range in your method section

Hervorheben
Why is this a limitation?

Hervorheben
You haven't presented this result - is there a significant difference between correlation coefficients? If not, I would omit the remark about familiarisation 

Hervorheben
...prohibited the analysis of the full experimental design. Nevertheless, valuable results could be found by focusing on the eHMI conditions.

Durchgestrichen

Hervorheben
longitudinal?

Hervorheben
I would reconsider stating that, since you were not able to check for interaction effects with the other two variables. Think about focusing on the evaluation of the behavior of the automated vehicle (since you analysed the eHMI conditions). Giving first recommendations how to change lanes to be perceived cooperative is already beneficial. But please run post-hoc tests to not generalize any effects. 

lo8164
Notiz
Since the main effect of "duration of lane change" can be interpreted, we consider this statement as valid. 

lo8164
Notiz
changed

lo8164
Notiz
Changed to this better wording

lo8164
Notiz
we added the range

lo8164
Notiz
We added the following explanation: Since the sample consisted of more young subjects, the opinions of more critical persons are presumably underrepresented as a result. 

lo8164
Notiz
This was missing in the results part, we added a sentence about it. 

lo8164
Notiz
After a long consideration we decided to adhere to the the results regarding the eHMI. Please see the general reviewer answer for a detailed explanation.

lo8164
Notiz
This part of the discussion was somewhat contradictory so we rephrased it 

lo8164
Notiz
see comment above

lo8164
Notiz
see comment above

lo8164
Notiz
We were not able to point out clearly, what we wanted to here. Also, it was not placed well. We moved it to the end of the paragraph and sharpend our point: The absence of a difference in the evaluation of the behavior of the vehicles with eHMI, while the general expectations do, allows two conclusions to be drawn: First, one possible explanation for the identical evaluation is that both vehicles acted identically in the situation, and thus no expectations were fulfilled with regard to human or technical errors. The evaluation of an irregular behavior could therefore still be different. And secondly, it can be concluded from the result that in studies on expectations of automated vehicles, the evaluation of specific behaviors must be examined in addition to general expectations.

lo8164
Notiz
see comment above

lo8164
Notiz
since the post hoc tests revealed signifivcant differences for all levels of that variable we did not include that comment

lo8164
Notiz
Yes, this was phrased very strongly, we toned it down to "can be explained with the results of Marczak et al. (2013), who found that "

lo8164
Notiz
We added the results of the post hoc tests, which show significant differences for all conditions

lo8164
Notiz
We added the results of the post hoc tests, which show significant differences for all conditions

lo8164
Notiz
we added another source, regardless of the "20 sources" rule


6 Conclusion

From the evaluation of the two implicit driving dynamic communication means "duration” and "position of the lane
rhange", specific recommendations for actions can be derived: The lane change should be performed slowly, as this is
2ived as more cooperative and less critical. Furthermore, it should be carried out in the middle of the acceleration
lana This applies to both vehicles labelled as automated and conventional: No significant differences were found in
waluation of the two types of vehicles. These findings can help to develop automated vehicles whose behaviour is
understood and accepted by other road users. Also, the results indicate that in the tested scenario, labelling of automat-
ed vehicles has no added value for other road users.
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Hervorheben
Please change according to the results from the post-hoc tests.

Hervorheben
I would be careful to state that: You have tested a main effect, but there might be interaction effects with the other two variables. 

lo8164
Notiz
we have changed the sentence to "This applies especially to vehicles labelled as automated, since we were not able to test the full design regarding manual vehicles."

lo8164
Notiz
We added the results of the post hoc tests, which show significant differences for all conditions
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demographic data.png

Table 1: Means and standard deviations of demographic data (N = 68)

Variable M SD
age 29.53 13.74
years of holding a driver’s licence 5.74 5.17
dniving expernience (in km per year) 6671.03 8068.08
attitude towards automated dniving (pre) 1.44 2.68
attitude towards automated dnving (post) 1.46 2.63

Note. M and SD represent mean and standard deviation, respectively


https://www.editorialmanager.com/aut/download.aspx?id=94379&guid=fe2c30b4-14f1-4b9d-a021-1e373c78fb9e&scheme=1
https://www.editorialmanager.com/aut/download.aspx?id=94379&guid=fe2c30b4-14f1-4b9d-a021-1e373c78fb9e&scheme=1

Table 2 Click here to access/download;Table;Table 2 Two-factor ANOVA with repeated
measures.png

Table 2: Two-factor ANOVA with repeated measures with perceived cooperation and perceived criticality as the criteria

Sum of df Af crror Mean F P partial n*
Squares Square
Perceived cooperation
duration 543.79 2.00 134.00 271.89 107.58 <.001 62
position 144.33 1.63 109.19 88.56 24.127 <.001 27
duration x position 124.34 4.00 268.00 31.09 14.81 <.001 18
Perceived criticality
duration 850.27 2.00 134.00 425.13 165.41 <.001 71
position 206.83 1.79 120.10 115.39 37.81 <.001 .36

duration x position 164.28 3.57 238.83 46.09 18.05 <.001 21
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Table 3: Means and standard deviations of the perceived cooperation and criticality for the duration of lane change (N = 68)

Perceived cooperation

Category

Duration of
M
lane change
2s 3.74
ds 537
6s 5.97

Perceived criticality
M SD Category
5,90 1.63 disruptive
3,80 1,55 disruptive
3.14 1,45 noticeable

Note. M and SD represent mean and standard deviation, respectively. The categorisation corresponds to the categories pro-
posed by Neukum & Kriiger (2003), which were presented in the questionnaire next to the numerical response option.
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