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Abstract: Autonomous buses are expected to become a
cornerstone of future mobility systems. Especially dur-
ing their introduction, passengers may require reassur-
ance about the vehicle’s awareness of the situation on the
road and of its intended next actions to further accep-
tance. In order to investigate the need and requirements
for information about the vehicle’s awareness and intent
from the perspective of first-time users, we conducted two
user studies in a state-of-the-art autonomous bus at pub-
lic demonstration spaces. In the first study, participants
underwent a demonstration ride with the bus and were
then asked about their needs for awareness and intent
communication. The second study took participants on
a ‘simulated ride’ within a stationary bus, in which typi-
cal scenarios of the road ahead were presented, together
with different awareness and intent cues. Our results sug-
gest that, first, future autonomous bus passengers may
be in need of such awareness and intent communication
screens. Second, we found that awareness and intent com-
munication may be of greater importance for the indi-
cation of potential hazard recognition than for indicat-
ing route directions. Third, due to their complementary
strengths, none of the three compared types of visual com-
munication (text, icon and augmented reality) should be
used in isolation.
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1 Introduction
Autonomous driving technology is expected to have sig-
nificant impact on the mobility ecosystem. Especially for
public transportation both in urban and rural regions,
capacity and flexibility could be greatly increased with
driverless buses operating at the “last mile” with on-
demand routing capabilities [24, 26, 29, 21]. Such vehi-
cles are currently mostly conceived as so-called “people-
movers”. Theyhave a smaller size than conventional buses
with a typical capacity of 8–16 persons. Thus, they can
achieve faster entry and exit times (than conventional
buses) and support short rides and on-demand flexibility.
Such vehicles do not feature a driver seat and no tradi-
tional control mechanisms such as the steering wheel
and pedals are available. The level of autonomy of such
public autonomous shuttles can best be described as con-
ditional autonomy (SAE Level 3, International SAE, [12]):
The bus can drive automatically, but the whole track is
pre-programmed, with no possibility of the bus making
situation-aware decisions without being controlled by
a human operator. While such autonomous minibuses
can eventually be a very attractive means of transport,
potential initial acceptance barriers must be taken into
account [7].

Until now, only few studies have been conducted that
look into the future acceptance of autonomous buses [20,
6]. Recent demonstration projects of autonomous buses
have shown that passengers feel rather safe in automated
buses [5], but, as noted by Rehrl et al. [23] this is likely
caused by the presence of a human operator, who is
required by law during all drives. Rehrl et al. also as-
sume that fully ‘unaccompanied’ buses with higher driv-
ing speeds and mixed traffic, as can be expected to be in-
troduced within the next years, will lead to a decrease in
the passenger’s sense of safety. Several field studies report
a discomfort with the level of technology and service of
current autonomous buses [18, 5]. A study comparing the
user experience of an automated bus ridewith one of a tra-
ditional group taxi drive [28] found that current obstacles
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for full acceptance of automated bus riding are related to
low speed, but the authors suggest that technological im-
provement andoptimizeduser interaction technologymay
relieve these barriers.

Trust is a central component in the context of au-
tonomous driving [27, 13]. Trust has been found to be
an important correlate of the acceptability of automation
technology [9], reliance on automated systems [2], adop-
tion of automation [8], the intention to use autonomous
vehicles [3] and the technology acceptance of autonomous
shuttles [19]. In contrast to control tasks in car cockpits,
one needs to take into account that autonomous buses do
not foresee passengers as operators who could take over
full control. However, studies hitherto published on usage
aspects of autonomous shuttles have not yet investigated
specific awareness and intent communication techniques
towards passengers with the goal to establish trust.

Inmost current autonomousbusdesign concepts (e. g.
[17]), passengers will be able to activate an emergency trig-
ger that abruptly stops the vehicle and sets up a communi-
cation channel with a remote control center. With regard
to the passengers’ intervention capabilities, their experi-
ence may be similar to that of autonomous trains or un-
derground metros, which have already been put in oper-
ation. However, one cannot assume the high trust levels
achieved in autonomous railway systems will be similar
with autonomous buses, as these will have to deal with a
much more complex environment featuring mixed traffic
and flexible routing.

This paper investigates specific human interface ap-
proaches to provide awareness and intent cues to passen-
gers of autonomous buses. Our research is based on the
assumption that in the transition phase to such vehicles
people may benefit from trust cues, since passengers and
other roadusers are not yet familiarwith this formof trans-
portation and no history of successful and safe operation
is available. For example, if the car in front is braking, pas-
sengers might want to know whether the bus has recog-
nized this event (awareness) and whether it will reduce
speed (intent). On a larger scale, reassuring passengers in
this way and, for instance, preventing them from unneces-
sary presses of the emergency button, could raise the effi-
ciency of automated mobility to a large extent. Within the
remainder of this paper, we introduce our research ques-
tions, and thendescribe and interpret twouser studies that
have been conducted to answer them.

1.1 Mediating Trust in Automated Buses
While awareness and intent communication is a growing
research topicwhen it comes to interactionwith other road

users [15, 6], there is hardly any related research on pas-
senger information systems. Previous research has looked
into providing automation transparency in the context of
cockpit-based tasks of (semi-automated) driving or aircraft
control [11]. One main approach in this domain is to visu-
alize automation meta-information, such as quality indi-
cators for the involved sensors or algorithms. While this
has shown tobehelpful for engineers andproblemsolvers,
we considered another approach more worthwhile in our
envisaged usage context with non-expert, often first-time
passengers: the explanation of system reasoning. Seppelt
& Lee [25] found that drivers of semi-autonomous vehicles
feel safer when the car explicitly provides combined tex-
tual information about the car action and the reason be-
hind this action, but they also found an increase in anx-
iety, which may have been due to a perceived increase in
workload.

An obvious means of communicating awareness and
intent to passengers is the use of information screens as
they are a familiar and common way of communicating
background information. Beyond current ways of display-
ing the upcoming bus stops, the surrounding streets or the
remaining travel time, these could also indicate more dy-
namic information about the buses’ knowledge and plans.
Such means of communication could be especially suit-
able for first-time use, which is highly important for pub-
lic transportation, where people hop on and off. For such
a scenario one has to ensure that information is compre-
hensiblewithout habituation time or instructions. Screens
could provide status information as background informa-
tion to reassurepotentially uneasypassengerswithout dis-
tracting from other activities like reading a book or moni-
toring one’s environment. Based on these considerations,
our first research question RQ1 is as follows: What are
passengers’ general “awareness and intent” information re-
quirements with regard to autonomous bus operation mon-
itoring via mounted screens? (Table 1).

1.2 Scenarios for Awareness and Intent
Communication

So far, it is unknownwhich continuous status information
passengers would like to have be displayed in which sit-
uations. The most prevalent type of information that pas-
sengers may want to have is the vehicle’s recognition and
handling of critical events in front of the bus (i. e. pedestri-
ans, cyclists or other cars). A second category of cues that
may be central is the indication of imminent direction of
driving and any upcoming turns. For example, passengers
will have most likely feel reassured by the knowledge that
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Table 1: User studies and research questions addressed in this article.

Study Research Questions addressed

Study 1: Demonstration
Ride (see Section 2)

RQ1 What are passengers’ general “continuous awareness and intent” information requirements with
regards to autonomous bus operation monitoring via mounted screens?

Study 2: Simulated Ride
(see Section 3)

RQ2 To which extent can awareness and intent communication provide suitable reassurance to passengers
in the typical autonomous bus riding situations “braking” and “turning”?

RQ3 To which extent do the design elements AR, icons and text affect comprehensibility of screen-based
awareness and intent communication, as well as trust and acceptance?

a bus will not continue driving in the direction of a wall
but will turn to follow the road. Our second research ques-
tion RQ2 is thus as follows: To which extent can awareness
and intent communication provide sufficient reassurance to
passengers in the typical autonomous bus riding situations
“braking” and “turning”? (Table 1).

1.3 Design Elements

As of now, there is no clear indication which design ele-
ments should be shown on an awareness and intent com-
munication screen and how these elements are best ar-
ranged. As automated driving technology strongly relies
on the visual processing of the surrounding environment,
an obvious mapping of system transparency would be to
show the system’s view of the world, such as colored lines
and forms of the recognized objects. A more elaborate ver-
sion of this would be an augmented reality view (AR) that
shows critical objects, which lead to a change of driving
behavior regarding direction or speed, as overlays over a
front scene video.

A further design element is text which has been a
frequently employed way of explaining system reasoning
[11, 25]. An anticipated strength of this method is its capa-
bility of expressing complex (causal) relationships. Amain
weakness of text is its cultural dependability and the cog-
nitive workload that text processing presents. Another po-
tential way of awareness and intent communications is the
presentation of icons such as generic symbols for obsta-
cles (e. g. pedestrians or cars) and actions (e. g. an arrow
for indicating the direction). All three design elements are
presented in Figure 2.

We chose these three design elements because our
project focuses on awareness and intent communication
using passenger information screens that are common in
public transport nowadays. Our aim was to combine and
compare representative traditional design elements (like
text and icons) with an advanced one (AR) as offered by
system developed in the project. The resulting third re-
search question RQ3 is thus as follows: To which extent do

the design elements AR, icons and text affect comprehen-
sibility of screen-based awareness and intent communica-
tion, as well as trust and acceptance? (Table 1)

1.4 Addressing the Research Questions

In order to investigate aforementioned issues and research
questions related to awareness and intent information for
passengers in autonomous buses we conducted two user
studies (see Table 1 for an overview of the studies and
the associated research questions). Both studies were sit-
uated within public demonstration spaces in order to cap-
ture snapshots of spontaneous first experiences of using
an autonomous bus (Figure 1). Study 1 (presented in sec-
tion 2 of this paper) looked at the general requirements for
dynamic information screens, thereby answering our first
research question (RQ1). The study consisted of a demon-
stration ride with an autonomous bus that did not have
dedicated awareness and intent communication features.
Study 2 (see section 3) investigated in depth the design
requirements for awareness and intent communication in
autonomous buses, building on the fundamental require-
ments that had been gathered in Study 1. Participants em-

Figure 1: Autonomous minibus, type Navya ARMA, used for the stud-
ies [1, 17].
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Figure 2: Exemplary illustrations of awareness and intent communication shown on the paper-based survey. Left side: the front view
scenery. Right side: the three design elements that were provided as example illustrations in Study 1. On the top:: text (“the road is free
-> bus keeps maximum speed”), middle: iconic (pedestrian crossing the street), bottom: AR (in both screens a pedestrian crosses the road).

barkedona ‘simulated ride’ duringwhich theywere seated
in the same vehicle used in Study 1. In this study, the bus
was stationary and the driving situations were simulated
by placing a screen in the front which displayed a sim-
ulated front view of the bus ahead and additionally an
awareness and intent communication display. The videos
systematically differed with regard to the underlying sce-
nario (Braking andTurning) and the type of awareness and

intent communication display (Text, Icon, AR). After their
ride, passengers were asked about their needs regarding
intent and awareness communication. After every presen-
tation of a simulated scene, participants were asked about
their experience and preferences with regards to the pre-
sented driving scenario (thereby addressing RQ2) and dif-
ferent design elements of awareness and intent communi-
cation displays (RQ3).
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2 Study 1: Demonstration Ride

In order to address our first research question RQ1 on gen-
eral passenger requirements for screen-based awareness
and intent cues (Table 1), we conducted a user study with
a state-of-the-art autonomous bus (Figure 1).

2.1 Method

Study participants joined 10-minute rides (in groups of x8)
with an autonomous bus. The bus rode along a predefined
route in an urban district next to the Transport Research
Arena 2018 Conference and Exposition in Vienna, a ma-
jor event in the international transportation community
that featured several demonstrations outside the exposi-
tion center. Participation in the ride was not restricted to
conference visitors, but also provided the first opportunity
for the residents of the city to experience an autonomous
bus. The vehicle was a Navya ARMA [17, Figure 1], which
was 5 meters long, had 9 seats and drove at a speed of
10 km/h. The busmade a roundtrip between two bus stops
that were about 1 km apart. Each ride was made with a
maximumof 8 passengers and one operator who had been
trained to responsibly monitor the bus.

Before and during the ride, people did not receive any
instructions other than trying out the bus. The bus inte-
rior was equipped with two outward facing screens point-
ing in each of the two driving directions (forward, back-
ward). Therewasone indoor screen,whichprovidedamap
that showed the bus position and the surrounding area.
On request the screen could further provided the opera-
tor with technical details. 32 of the participants were male
and 23 female; one person did not provide demographic
information. Age ranged from 15 to 55 (mean = 27.1; me-
dian= 25). Their professional and educational background
ranged from pupil, student, employed and self-employed
to retired. None of the participants had experienced a ride
with an autonomous bus before.

After having finished the test ride, participants were
asked to fill out a paper-based survey. The survey was kept
fairly brief (10 minutes) in order to reduce the burden and
barriers for conference visitors or passers-by to join the
study. It contained a short introduction into the topic of
dynamic information to passengers and also a few illustra-
tions of potential features of such screens. These illustra-
tions (see Figure 2) depicted an exemplary situation where
a person is crossing the street in the front view (see pic-
tures on left side), as well as respective potential realiza-
tions of an awareness and intent communication display
for automated buses. Three design elements were shown

as a reference: text elements (“The road is free -> bus keeps
maximum speed”, see top of figure), icons (e. g. of a pedes-
trian crossing the street), and AR (in both screens a pedes-
trian crosses the road). In all three conditions, the gray
lower part of the screens showed live information on bus
speed (tachometer) as well as a change of direction if (the
big gray arrows on the sides of the screen change blue if
active).

After having seen these exemplary illustrations, par-
ticipants answered two open questions related to the
placement of dynamic information screens and the type
of content that should be displayed on them. They then
answered two further questions asked subjects to rate on
a 5-point scale how helpful information screens would be
and whether they would expect them to increase passen-
ger trust. After these two questions, free text comments
could be provided.

2.2 Results

In total, the data of 56 participants (32 male, 23 female)
was analyzed. Age varied between 15 and 55 (mean = 27.1,
median= 25). Participants reported on average to be rather
open towards technology (4.3 on a scale from 1 to 5).

2.2.1 Content Type

As stated in section 2.1, participants were asked to freely
state which types of content should be provided on
the screen. Twenty-three participants (42%) mentioned,
that standard information they were used from modern
bus lines such as current speed (12/21%), the next bus
stops (20/36%), the remaining travel time (16/29%), and
congestions on the route (8/14%) would be important
for them. Thirty-two participants (57%) explicitly listed
awareness and intent aspects such as “information on the
reasoning” or “basic information on the decision-making
process.” Related requirements that participants men-
tioned ranged from relatively general information (“not
too much: ‘everything well’; ‘brake for …’) to specific rec-
ommendations, such as “information on obstacles and
their distance (to assure they have been detected)”.

2.2.2 Screen Placement

Table 2 provides an overview of the preferred screen po-
sitions based on the number of participants who men-
tioned each of the positions. Almost half of the partici-
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Table 2: Overview of explicit mentions regarding the open question
where the screen should be placed in the automated bus.

Positioning Aspect Frequency/Percent
of Mentions

More than one screen 25 45%
In line of sight (front / back) 25 45%
On the side (e. g. near the door) 14 25%
At the top (i. e. not hindering
sight to outside scenery)

16 28%

Available on mobile phone 4 7%

pants (25/45%) stated that a screen should be in the line
of sight. With the bidirectional seating arrangement of
the tested autonomous minibus, this would require two
screens in the back and the two in the front of the bus.
Fourteen users (25%) said that they would prefer a po-
sitioning on the sidewall of the bus (e. g. near the door).
Another preference that was listed relatively often (by
15/28%),was that a screen shouldbehanging from thebus
ceiling to avoiding blocking sight to the outside (not only
the front). Four participants (7%) mentioned the possibil-
ity of receiving information on the bus via smartphone.

2.2.3 Perceived Helpfulness and Trust

Figure 3 and Figure 4 show that most respondents gener-
ally perceived the placing of dynamic information screens
in autonomous buses as positive both with regards to per-
ceived helpfulness and trust. Comments given by partic-
ipants about using the screens as awareness and intent
communication were that “this could surely affect the re-
liability and positive attitude with regard to autonomous
buses”; that “comprehensibility would be increased, less-

Figure 3: Helpfulness Ratings: “How helpful would passenger in-
formation screens be in automated buses?” (1: “not at all helpful”,
5: “very helpful”).

Figure 4: Trust Ratings: “Would screens with dynamic informa-
tion increase passengers’ trust?” (1: “not at all increased trust”,
5: ”strongly increased trust”).

ening the feeling of a ‘black box’”; and that “real time in-
formation is always helpful as the passengers can com-
pare the displayed information and reality and when they
match, the passenger trust increases”. There was one per-
son who was very skeptical about dynamic information
screens, who stated: “[I don’t like such screens] at all
because people can´t interact [with the screen] if some-
thing happens.” Some mixed responses from participants
who gave medium ratings were: “trust may increase for
other passengers or people that are not familiar with
autonomous driving”, or “the other passengers will feel
safer”. Note that we did not find any impact of age, gender,
and professional degree on perceived helpfulness or trust
in such information screens in our analyses of variance.

3 Study 2: Simulated Ride
In order to build upon the general requirements for intent
awareness communication services identified in Study 1,
we conducted a further user study to gain more detailed
guidance. To this end, this second study compared typi-
cal autonomous bus ride scenarios with regards to aware-
ness and intent communication (research question RQ2,
Table 1) and respective design elements (research question
RQ3, Table 1), we conducted a second user study.

3.1 Method

At a large public research exhibition visitors were invited
to inspect an autonomous bus (the same vehicle that was
used in Study 1) and to participate in a research trial. As
in the previous study, groups of a maximum of 8 per-
sons could attend one session, and the duration was re-
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stricted to 10–15 minutes (due to the ad-hoc character
of participant recruitment at the exhibition). Participants
were asked to fill out a questionnaire consisting of a num-
ber of questions on personal characteristics, demographi-
cal questions, and the subsequent test parts.

Participants first received a demonstration of the bus
and some information about the related research project.
They were also informed about the availability and place-
ment of two emergency buttons. Participantswere then ex-
posed to 2 simulated bus rides with three differing types
of awareness and intent communication: Text, Icon and
AR. After each simulated ride they filled out the same
set of questions related to comprehension, helpfulness,
trust and the preparedness to press the emergency button
(see Table 3). Afterwards, participants were asked to state
which of the three design elements they preferred and to
justify their choice in written form in a comment field.

As outlined in the introduction, the simulated bus
rides were realized by showing a video on a flat screen
placed on the front window, which represented the front
view of a moving bus. In each video, the scene of the road
ahead was displayed as if the bus driving forward, and a
rectangle in the upper right part of the screen represented
the dynamic information screen in the bus. The screen di-
vision was the same for all screens, with a status bar at the
bottom giving rough information on the current speed of
the bus andan indication inwhichdirection the buswould
turn next. The upper part of the screen was reserved for
additional information given via one of the 3 investigated
design elements.

Two different scenarios were investigated: The sce-
nario “Braking” showed the front view of the street where
a bus was driving with a speed of 20 km/h, until it stopped

in order to let a pedestrian cross the street (Figure 5, first
row). The scenario “Turning” showed the bus heading to-
wards a sharp road curve and the dynamic screen infor-
mation was designed to inform participants that the bus
was indeed intending to perform a turn to stay on track
(Figure 5, second row). The bus started to make the turn
relatively late on purpose in order to create an ambiguous
situation that might raise doubts in passengers on the sit-
uational awareness of the bus.

Study 2 was a mixed experimental design with design
element (Text, Icon, AR) as within subjects factor and sce-
nario (Braking and Turning) as between-subjects factor,
and with the measures comprehension, helpfulness, trust
and preparedness to press the emergency button (see Ta-
ble 3 for a description of the respective rating scales). Po-
tential effects of age group andgenderwere investigated as
covariates. The reason for selecting this setup was mainly
that it allowed relatively short sessions in the public event
setting where people joined the study spontaneously. This
meant that each participant watched 3 videos of about 1
minute length for one respective scenario (40 participants
for Braking, and 37 for Turning), instead of all participants
watching 2 scenarios x 3 videos as would have been the
case with a complete repeated measures design.

Accordingly, each subject watched the same situation
corresponding to the respective scenario three times, sub-
sequently with the three design elements. In order to con-
trol for learning effects, we varied the order of design ele-
ments systematically. After each video, the following four
questions were asked in form of a 5-point Likert scale and
comments could be provided in text form:

At the end of each session, participants were asked to
statewhich of the three design elements theywouldprefer.

Table 3: Dependent variables, related questions and answer options for Study 2.

Dependent variable Question Answer Options

1. Comprehension How comprehensible was the message on the screen in this
situation?

1: Not at all comprehensible
…
5: Very comprehensible

2. Helpfulness To what extent did you perceive this information as helpful? 1: Not at all helpful
…
5: Very helpful

3. Trust How much trust did you have in the behavior of the automated
bus in this situation?

1: Very little trust
—
5: Very much trust

4. Preparedness to press
the emergency button

Would you have pressed the emergency button? 1: In no case
…
5: In every case
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Figure 5: Snapshots of the six videos that were used in Study 2 as simulated bus rides with the three design elements Text (left), Iconic (mid-
dle) and AR (right) within the two scenarios Braking (top) and Turning (bottom). For the whole screen size, a video was shown to simulate the
view out of a front window. On the upper right corner of the screen, a second video was overlaid that represented the awareness and intent
display in that situation.

3.2 Results

The data of 77 participants (38 male and 39 female) was
analyzed. Age varied between 17 and 90 (M = 39.3). Partic-
ipants on average reported to be rather open to technology
(4.13 on a scale from 1 to 5). To identify main and inter-
action effects and to derive pairwise differences (based on
Bonferroni-adjusted p-values)we performed a generalized
linear model repeated measures analysis of variance with
SPSS. In case of a rejected sphericity assumption, the de-
grees of freedomwere corrected bymeans of a Greenhouse
& Geisser estimate. Error bars in the figures indicate 95%
confidence intervals.

3.2.1 Overall Awareness and Intent Communication

The overall reception of the dynamic information screens
was positive with mean scores between 3.5 and 4.1 (with
min = 1 and max = 5). Comprehensibility (see Figure 6)
was the most positively rated aspect: the mean rating val-
ues wereM = 4.09 (SE = .10) for both the “Breaking” and
“Turning” scenario. Helpfulness and trust (Figures 7 & 8)
ratings were generally lower than comprehensibility rat-
ings (M = 3.56 and 3.63, SE = .09 and.10, respectively).
Figure 9 shows that participants mostly did not feel the
need to immediately stop the vehicle by pushing the emer-
gency button (M = 1.56, SE = .74). There was no over-
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Figure 6:Mean ratings on comprehensibility, differentiated by
design element (Text, Icon, and AR), with regards to the two in-
vestigated scenarios “Braking” (left) and “Turning” (right); “How
comprehensible was the message on the screen in this situation?”
(1: “not at all comprehensible”, 5: “very comprehensible”). Error
bars in the figures indicate 95% confidence intervals.

Figure 7:Mean ratings on helpfulness, differentiated by design
element (Text, Icon, and AR), with regards to the two investigated
scenarios “Braking” (left) and “Turning” (right); “To what extent did
you perceive this information as helpful?” (1: “Not at all helpful”,
5: “Very helpful”). Error bars in the figures indicate 95% confidence
intervals.

all significant impact of gender on any of the measures,
but perceived helpfulness differed significantly depending
on the age group, (F(1, 71) = 7.34, p < 01). User com-
ments were mostly very positive, often because they felt
safer with the additional information that was provided.
For example, participant 71 stated that “with more infor-
mation, I feel safer”, and participant 64 noted that „For
people like me, who are not familiar with this topic, extra
information such aswhatwill happennext andwhy is very
comforting“. The given statements confirmed that aware-
ness about the buses’ awareness and intent was important

Figure 8:Mean ratings on trust, discriminated by design element
(Text, Icon, and AR), with regard to the two investigated scenarios
Braking (left) and Turning (right); “How much trust did you have in
the behavior of the automated bus in this situation?”(1: “Very little
trust”, 5: ”Very high trust”). Error bars in the figures indicate 95%
confidence intervals.

Figure 9:Mean ratings on preparedness to push emergency button,
discriminated by design element (Text, Icon, and AR) and scenario
(Braking and Turning); “Would you have pressed the emergency
button?” (1: ”Surely not”, 5; ”Definitely”). Error bars in the figures
indicate 95% confidence intervals.

to our test passengers. For example, participant 16wrote “I
always knew what the bus is currently ‘thinking.’”

3.2.2 Influence of Design Elements

There was a significant main effect for the preparedness
to press the emergency button, F(2, 142) = 3.07, p = .049
(see Figure 9), and a non-significant main effect of design
element on comprehensibility, F(2, 142) = 2.98, p = .054
(see Figure 6). Estimated marginal means show that text-
based presentations were in general rated slightly better
than AR in terms of comprehensibility (difference of 0.5,
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p < .01, see Figure 6), helpfulness (diff = 0.36, p = .066,
see Figure 7), trust (diff = 0.28, p = .73, see Figure 8), and
preparedness to press the emergency button (diff = 0.28,
p < .05, Figure 9). We did not find significant differences
between textual and iconic or iconic andARpresentations.

The comments provided by participants after the
video viewing sessions showed that preferences were
broadly spread over the three different design elements.
Text was preferred by 30% of the participants, mostly be-
cause it was seen as a means of concrete, dense and accu-
rate information which does not leave room for interpreta-
tion.. Also, text appeared to many participants as the best
way to inform about upcoming maneuvers of the bus. In
this regard, participant 55 mentioned that the awareness
information text “road makes a sharp turn to the right”
made it unlikely that the bus would be ignoring the road
curvature, even though it turned right at a late point in
time.

However, some downsides of text presentation were
mentioned: larger text quantities were seen as difficult to
process and people without the respective language skills
or visual impairments could be disadvantaged.

The iconic design element was preferred by 30% of
the participants and was seen as a good means for fast in-
formation and for preventing language barriers. Especially
the “matchstick man” representing the recognized pedes-
trian was often mentioned as easily recognizable (partici-
pant 2). Some participants also noted the efficiency of in-
formation “without too much information, or even infor-
mation overflow” (participant 45). Also, some positively
contrasted it to AR: “without the film material I am not
so distracted” (participant 4). However, in cases where
nothing critical was being recognized, this design element
tended to provide too little information resulting in uncer-
tainty. Also, the display of an empty screen when there is
no critical event, as was the case at the beginning of our
study scenarios, can confuse people. Similar to AR, par-
ticipants noted that to communicate the intent of an au-
tonomous bus some additional information about the next
actions of the vehicle should be provided.

AR was preferred by 40% of participants. It received
many positive comments, most prominently with regard
to the marking within the dynamic live scene outside the
bus “which made it clear what had actually been recog-
nized by the system” (participant 68). For example, Par-
ticipant 34 noted: “The marking of the pedestrian is use-
ful.” Somealso commentedon the realismof this presenta-
tionmode: “The outside reality is mapped very well” (par-
ticipant 6); “the realistic presentation of the outside road
increased my feeling of safety” (participant 48). Overall,

it seemed that the sharing of the “robo-driver’s reason-
ing”was seen as best realized by the AR-view:When asked
to justify her preference choice for the AR view, partici-
pant 66 mentioned that AR made the vehicle’s situational
awareness most transparent. Another mentioned reason
for AR-preference was the lower cognitive effort partici-
pants experienced: “It is easier to think in pictures, as op-
posed to reading or interpreting matchstick men! (partic-
ipant 2)”; “the presentation was easiest to comprehend
quickly (participant 10).” Similar to the iconic presenta-
tion mode, universal comprehensibility was mentioned as
a plus when compared to text: “No knowledge of a specific
language is required” (participant 38). Also, the fine adap-
tations of the recognition on the scene provided a feeling
of safety, such as the fitting of the superimposed trajec-
tory to the road curve. A potential reason for the slightly
lower ratings for AR right after having watched the videos
was the coloring used for the rectangles marking impor-
tant elements in the traffic (blue), whichwas not easily no-
ticeable (compare screens at Figure 5). Some critical com-
ments were related to concerns about information over-
flow (e. g., “whatwill this look likewhen there ismore traf-
fic on the road?”).

The most commonly mentioned reason behind neg-
ative participant ratings and comments was the lack of
transparency what the bus would actually do in the next
step in the case of pure AR or icon-based communication.
In these cases, participants often proposed a combination
with textual information to achieve greater clarity. For ex-
ample, participant 46 stated that “it was very clear that
the pedestrian had been recognized. However, the system
should inform the passenger that the bus will be brak-
ing accordingly”. When participants were asked to specify
theirmost preferred alternative, ARwas chosenmost often
(29participants, i. e. 40%).However, only 12 of these state-
ments were clear-cut preferences – the rest mentioned not
to have a strong preference or recommended to combine
AR with other types of information that better explain the
next actions of the bus.

3.2.3 Influence of Scenario

There was a main effect of scenario on both helpfulness
(diff = 0.74, F(1, 71) = 6.37, p = .014) and trust (diff = 0.74,
F(1, 71) = 11.97, p < .01), and a marginally significant ef-
fect on the preparedness to press the stop button (F(1, 71) =
3.92, p = .05).

In all of these cases, the investigated dynamic passen-
ger information was rated better in the braking scenario
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than in the turning scenario. For comprehensibility, no sig-
nificant difference was found.

4 Discussion

The results relating to our first research question on
general passenger needs and requirements for mounted
screens in autonomous buses (RQ1) imply that passengers
would like to be provided with awareness and intent cues
andwould benefit from them.We conclude that awareness
and intent information should be offered in combination
with traditional passenger information like upcoming bus
stops, remaining travel time and potential critical traffic
events. With regards to screens placement, we suggest two
screens that are placed on top of the front and rear side
windows (at least for minibuses). We also obtained first
indications that older users might be more in need of such
screens than younger ones. However, this needs further in-
vestigation in follow-up trials specifically designed for in-
vestigating the role of age in the reception of awareness
and intent communication.

Our results related to the question of suitability of sce-
narios (RQ2) suggest that awareness and intent communi-
cation can be realized efficiently for situations where the
vehicle reduces speed due to a recognized obstacle on the
road. In contrast, in situationswhere people are to be reas-
sured about route awareness and intended turning, people
tend to have less trust in vehicle behavior and perceive dy-
namic information screens as less helpful. However, this
result shall not be over-interpreted: it is only confirmed for
situations where the bus does not completely follow pas-
senger expectations, such as making a relatively late turn
on a road. In less challenging situations when the bus be-
haves in a more expected way by turning early, confusion
might be lower (but passengersmight also require reassur-
ance not as strongly).

The comparison of design elements for screen-based
awareness and intent communication (RQ3) resulted in
a large variance of reported experiences and preferences
across participants that pointed to different strengths and
weaknesses of the 3 elements. Consequently, none of the
design elements we investigated should be abandoned
a priori when it comes to screen content development.
Instead their complementary strengths should be recog-
nized and used in combination whenever possible. These
strengths are (1) capabilities of AR tomediate a sense of the
vehicle’s situation awareness, (2) low cognitive load and
culture barriers of iconic communication, and (3) text to

provide clear indications of intent with regards to the ve-
hicles imminent actions.

From our experience it seems, that AR is themost sen-
sitive and challenging aspect with regards to design. This
starts with seemingly mundane issues, such as the right
color for themarking of critical objects, whichmight differ
between different scenarios: while the blue color chosen
in the turning scenario was sufficiently noticeable but not
overly distracting, it was not catchy enough to highlight
the recognized obstacles in the braking scenario. With re-
gard to the use of iconic elements, design solutions should
be developed for situations without critical issues. This
way the screen is never ‘underloaded’.

Designers should take advantage of AR’s capabilities
tomediate a sense of the vehicle’s situation awareness and
object recognition, probably by onlymarking themost crit-
ical elements. If an upcoming turn may feel unexpected
or abrupt for passengers (as in the turning scenario of
Study 2), it is important to also use a visible turn icon and
not rely only on AR, thereby leveraging the already famil-
iar design language of existing in-car navigation systems.

Also, the proverbial intuitiveness of icons needs to be
thoroughly tested as well as the timing of their presenta-
tion within animated sequences. The problem of exposing
first-time users to potentially confusing “empty screens”
might be alleviated in a natural way by combining aware-
ness cueswith traditional information on routes and travel
times.

Reflecting on the test methodology and study setup
used, the use of public scientific events to conduct stud-
ies on first time experiences of a real autonomous bus
proved to bewell suited to our purpose. In terms of recruit-
ing, the events provided fast and efficient access to large
numbers of study participants with a broad demographic
range. Also, since participants were genuinely interested
in the topic and were already present at the site, there was
no need to provide monetary incentives. Furthermore, us-
ing a real bus proved not only to be helpful in attracting an
audience, but also in providing a captivating environment
(as was necessary for avoiding distractions and dropouts
during the test sessions) as well as a highly realistic study
setting (as required for external validity).

Considering (potential) drawbacks, linking a user ex-
periment to a public event creates some inflexibilities
since study execution is tied to specific times and loca-
tions as dictated by the event organization. This results
in additional pressures on study preparation compared
to traditional lab studies where in case of e. g. technical
problems study execution schedules can be postponed.
Furthermore, like in field trials, experimenters face risks
stemming from a lack of control over location and context
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factors (e. g. noise, light situation, power supply, and in-
ternet access). Thirdly, event visitors have a much more
constrained time budget (typically 5–20 minutes) for par-
ticipating (mostly ad-hoc) in a study given the presence
of other competing attractions at the site. This relatively
short session time limits the scope and depth of a study
conducted under such circumstances. These limits can be
partially addressed by study design choices such as uti-
lizing between-subjects designs. For these reasons, per-
forming user experiments in the context of public events
should not be seen as general replacement for lab or field
studies, but – after taking aforementioned benefits and
risks into account – rather as a supplemental, particularly
when the investigation is of exploratory nature.

5 Conclusions and Outlook

In this article we investigated future passengers’ needs
and requirements for screen-based awareness and intent
communication in autonomous buses. To this end, we pre-
sented the results of two user studies with first-time users,
conducted with a state-of-the-art autonomous bus at pub-
lic demonstration events. The results of the first study
show that after having ridden an autonomous bus for the
first time, a large portion of test participants confirmed the
need for dynamic information screens for awareness and
intent communication in the context of autonomous pub-
lic transport. Our second study, inwhich participantswere
confronted with different simulated driving scenarios and
design alternatives, indicates that awareness and intent
communication in autonomous buses may be required for
indicating exceptional situations (like potential hazards),
but not so much for indicating route directions. In addi-
tion, we found that none of the three compared modes of
visual communication (text, icon and AR) should be used
in isolation. The main reasons are that user preferences
are too diverse and these modes tend to complement each
other rather than to meet both awareness and intent com-
munication requirements on their own. Our results pro-
vide guidance on how to best combine these modes, how
to extend them with further design elements and which
further research directions to pursue.

To our knowledge, our two studies are the first ones
targeting real-time screen-based awareness and intent
communication in autonomous buses, and as such they
should inspire further research in this promising field. As
is typically the case for such early studies, the study setup
imposed several limitations that need to be taken into ac-
count for result interpretation and the planning of future

research. First, we did not investigate the whole design
space, but deliberately focused on passenger information
screensmountedwithin the vehicle because of their preva-
lence in buses, their capabilities of offering optional and
uncritical background awareness, as well as the high ex-
pressiveness of multimedia content. Nevertheless, follow-
up studies are encouraged that close this gap by investi-
gating other communication devices andmodalities, such
as virtual avatars [10], auditory and vibro-tactilewarnings,
ambient displays, or passengers’ owndeviceswith regards
to directing attention to a foreground event or task [22],
mediating emotional qualities [14] or providing ubiquitous
awareness [16].

Secondly, our two studies only covered a small sub-
set of the large range of scenarios in which awareness
and intent communication is potentially relevant such as
a pedestrian suddenly crossing the street (with the bus
braking) or the bus overtaking another vehicle (with the
bus speeding up). We consider this an unavoidable limita-
tion, since the focus of our (time and resource constrained)
experiments was on evaluating different design elements
for awareness and intent communication (in the context
of two representative scenarios) with users and not the
exploration of various driving situations and scenarios.
Nonetheless, we see the latter as an important focus of
complementary studies as part of future work.

Thirdly, our studies only touched the surface of trust
and related concepts. Future studies on this topic should
take the presented studies as encouragement and inspi-
ration to investigate trust aspects more systematically,
including the development of personalized trust models
[27], adapted technology acceptance models, as well as
measurement methods beyond self-reporting of potential
behavior (e. g. the number of actual emergency button
presses). Furthermore, exploiting public demonstration
events (which typically offer a large demographic variety)
as a means to enable and investigate first-time exposure
to new technologies appears as a useful strategy to “test
the waters” before any large-scale roll-outs. However, this
needs to be complemented by in-depth studies that look at
specific aspects such as the influence of user diversity, as
well as longitudinal field trials that feature the investiga-
tion of everyday usage patterns and longer driving expo-
sures.
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