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Abstract

Wizard of Oz (WoQOz) experiments are a good and well established means of testing
technologies whose practical applicability has not yet progressed far enough. This also
applies to the field of highly automated vehicles where driver vehicle interaction in
passenger cars has been especially the focus of extensive attention. One aspect of
WoOz research in the automobile context that has received much less awareness to
date is shared automated vehicles (SAVS) as part of ride-pooling services. Findings
of previous research on human vehicle interaction in WoOz environments have
provided valuable insights. However, fundamental differences in the interior layouts
as well as use cases and user groups of both passenger cars and SAVs, make it
necessary to extend the application of this research method. We report on a
preliminary test in which we realized the entire usage process of a ride with an
autonomous ride-pooling service including multi-passenger interaction as a WoOz
experiment. The main emphasis was on questions regarding technical feasibility as
well as interface design aspects. Results indicated that WoOz is a suitable method to
investigate user needs in SAVs and that this technique is a useful addition to the user-
centred design approach.

Introduction
Necessity and current status of SAVs

High volumes of traffic, especially from private vehicles, are increasingly pushing
cities to the limits of their infrastructure. In this context, automated driving can
function as a key technology to make transportation of people as well as goods more
efficient. However, vehicle automation alone will not solve the capacity problems of
urban transport. On the contrary, it could even lead to an increase of car usage in the
modal split, hence emphasizing the growing importance of sharing automated
mobility concepts in the future (May et al., 2020). In this framework, SAVs and their
associated business models offer promising solutions. In the use case of ride-pooling,
SAVs could be a helpful complement in the middle of the two poles of public and
private transport by combining similar routes of multiple individuals into one shared
journey. The sharing of the trips and the absence of driving personnel suggest a low
cost of travel. Although this is primarily a clear advantage of SAVs, at the same time
it poses a latent danger to urban transportation systems, as low-priced alternatives to
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public transport could lead to a cannibalization of the latter (Krueger et al., 2016). It
is therefore highly important to design SAVs carefully and to choose attributes, like
interior features or overall comfort level, in such a way that primarily private car users
are persuaded to use the service. This necessitates very precise knowledge of the needs
and requirements of various user groups. According to Dorynek et al. (2022), it cannot
yet be observed that the vehicles currently used to provide manually operated ride-
pooling services meet these requirements and makeshift modifications by operators
are the consequence. This suggests that as of now, insufficient attention is being paid
to the vehicle interior and the aspect of user-oriented design is being neglected by
manufacturers.

Limitations of SAV pilot experiments

In recent years, SAVs have been tested under real traffic conditions in numerous pilot
projects. The experimental operation of these novel vehicles makes an important
contribution to their faster implementation as potential users are able to experience
automated rides first-hand and provide researchers with valuable insights for instance
regarding their acceptance of the technology (Riener et al., 2019), experience on board
(DreRler & Hofer, 2022) or issues regarding safety and security (Salonen, 2018).
However, this approach to user opinion acquisition also has its drawbacks. For
example, Heikoop et al. (2020) report that the limited speed of the vehicles is
perceived by the users as problematic. In addition, the prototypical setting of the trips
with usually short route lengths as well as the mandatory safety operator on board
only allow limited conclusions to be drawn about the later fully autonomous use of
the vehicles over a longer trip duration. Kolb et al. (2020) even argue that the shuttle
buses under consideration should be assigned to level 2 according to SAE (2018) due
to the permanent monitoring required. Given these limitations, combined with the
need for upscale comfort levels in automated mobility services, there is a strong
demand for research that addresses SAVs of varying comfort levels in highly realistic
scenarios. Even though experimental settings in virtual reality already provide an
ever-increasing visualisation quality and thus represent a good experimental solution,
the use of the WoOz technique is still the one alternative in this issue that is able to
provide the most realistic experience for users. In the automotive context, this means
that a participant interacts with what appears to be an automated vehicle. The
seemingly automated system is however operated by one or more human agents who
covertly operate the vehicle and its interaction with the passenger.

Previous research and current shortcomings of WoOz research in SAVs

The practice of WoOz experiments already has a long tradition in the field of
automated vehicle research. From a methodological point of view, the considerations
of Baltodano et al. (2015) provide an important groundwork for this paper. With the
Real Road Autonomous Driving Simulator (RRADS), the authors introduce a
framework for conducting inexpensive WoOz studies, using regular, commercially
available passenger cars. They manage to convincingly hide the driving wizard behind
a partition separating the driver and passenger seats, which largely eliminates the need
for structural modifications to the vehicle and significantly reduces the cost of the
experiment. In addition, they present a protocol procedure that serves as a guideline
for the chronological sequence of a WoOz study.
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In another significant study, Meurer et al. (2020) report about providing subjects with
an on-demand robotaxi service for one week, operated as a WoOz trial. This is
particularly noteworthy as the experimental setting is one of the very few WoOz
studies conducted specifically on SAVs and because it is largely integrated into the
test subjects’ everyday life hence the rides they order are individual as well as actually
necessary and useful. One important finding in their work is that participants wish to
receive real time information about the ride in terms of upcoming stops and delays but
also about the current traffic situation and potentially hazardous incidents. A similar
approach is described in Alpers et al. (2020), who refrain from integrating the test
drives into the daily routine of their participants, but instead apply a more elaborate
interior design to the WoOz vehicle. They also report a clear advantage of a higher
level of information — here in the form of a digital assistant.

Overall, only very few literature can be found that reports the application of the WoOz
method in the context of SAVs. Previous research in this area focuses mostly on user
experience than the methodological aspects that such experimental settings entail. At
the same time, methodologically oriented papers regarding WoOz in automated
driving exclusively involve passenger cars (Baltodano et al., 2015; Wang et al., 2017),
which limits transferability of their findings to the area of shared mobility. Though
some basic considerations certainly also apply to SAVs, there is a strong need for an
alignment and an extension of the methodological framework specifically considering
shared mobility in WoOz studies. The aim of this paper is to point out major
methodological challenges in said experiments by conducting a WoOz pretest.

Method
Test vehicle and modifications

The seven-seater version of a Hyundai Staria was chosen as test vehicle. Its exterior
appearance was modified in three ways. The word mark of a fictitious ride-pooling
provider ("muvit") was attached as a sticker to the centre of each side of the vehicle.
Two more stickers with the words "self driving shuttle” were placed on the sides of
the last seat row to increase the credibility of the vehicle's autonomy. On the right
sliding door, there was a sticker representing a camera lens, which served as a mock-
up entry control. Test subjects had to hold a QR code in front of it to gain access to
the shuttle. Tinted side windows at the front of the vehicle to prevent views of the
driving wizard’s workplace as in Alpers et al. (2020) were not feasible due to legal
limitations in Germany.

The largest modification to the vehicle's interior was a partition made of lightweight
foam boards between the driver's and the second seat row which ensured that the
researchers could not be seen operating the vehicle or the interaction prototypes. In
addition to two word mark stickers on the left and right of the partition, there were
also two stickers representing emergency stop buttons. These were placed in such a
way that they were easily accessible from the left and right seat respectively. For video
recordings of the participants, an action camera was mounted at mid-height in the left
corner between the partition and the wall of the vehicle. The test vehicle was equipped
with a built-in camera that allowed observation but not recording of participants
throughout the experiment. In the middle, right-hand centre of the partition, two
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tablets were mounted next to each other at approximately head height, which served
as monitors for a wireless webcam broadcast of the current traffic situation (left) as
well as to display information about the journey (right). To reinforce the impression
of a ride-pooling service, magazines were placed in the map pockets for the
participants to read during the ride. Figure 1 provides an overview of the vehicle’s
seat layout and the respective modifications made. Images of the vehicle’s exterior as
well as its interior can be taken from figure 2.
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Figure 1. Seat layout and modifications of the test vehicle's interior.

Figure 2. The exterior (left) and the interior (right) of the WoOz test vehicle.

Interaction prototype

Participants’ interaction with the mobility service in general and the vehicle in
particular mainly involved two phases. These were (1) the booking process before
entering the vehicle, when participants ordered a ride by using a prototypical mobile
phone application and (2) during the ride, where two screens and a voice assistant
provided information about the current traffic situation as well as the journey. The
prototype for the mobile phone application was created with the UX prototyping
software Figma and represented a mobility-as-a-service application that offered a
choice of transport options including the “muvit” ride-pooling service. Participants
were able to go through the entire booking process on a smartphone and finally book
a ticket, whereupon they were presented with a QR code that served as identification
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when boarding the vehicle. During the ride, participants could observe a webcam-
broadcast of the current traffic situation on the left of the two screens. In addition, as
suggested by Frohlich et al. (2019), a streaming software was used to show the
vehicle’s current speed and highlight relevant events or road users by placing overlays
in real time. The right of the two screens had the function of welcoming passengers,
displaying the route and current position of the vehicle, and providing general
information about the journey. Figure 3 gives an impression of the different interfaces
used in the experiment.
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Figure 3. Mobile booking app (top left), passenger welcome screen (top right), traffic
information screen (bottom left), and route information screen (bottom right).

Test route and study protocol

The experiment took place in May 2022 in the German city of Schwabisch Gmund
with n =8 participants. A driving route of approximately 15 minutes was chosen
between the train station of Schwéabisch Gmiind and a suburban residential area in the
neighbouring municipality of Mutlangen. As one of the aims of the trial was to
integrate a multi-user component into WoOz testing, two additional stops, one shortly
after the station and the other at a clinic in Mutlangen, were set along the route, at
which a second participant got on and off. The route and relevant events during the
journey are shown in figure 4.
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End: drop-off
participant 1

Start: pick-up
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Figure 4. Route map of the experimental drive and relevant events.

The course of the trial can be divided into three phases: before, during and after the
ride. Each run required two participants, who waited at separate locations for the trial
to begin (participant 1: starting point; participant 2: pick-up point). Participant 1 was
introduced to the testing procedure by the interaction wizard and was subsequently
told to imagine they had just arrived at the station by train but missed their connecting
bus. As an alternative to waiting for the next regular bus, participant 1 was instructed
to book a ticket for a ride with an autonomous ride-pooling service on a smartphone
they were given for this task. After the participant had booked the ticket, they
approached the test vehicle from behind and entered it by presenting the QR-code to
the camera lens on the sliding door. The interaction wizard took the front passenger
seat, which was justified with legal requirements. A female voice assistant played over
the vehicle’s speakers welcomed the participant, instructed them to take their seat and
put on a seatbelt. After safely stowing possible luggage, the participant tapped the
"Start now" button on the welcome screen, whereupon the driving wizard began the
journey. Throughout the entire ride, the interaction wizard triggered different voice
outputs and integrated digital overlays into the traffic video stream. After a short ride
of two minutes, the voice assistant announced that another passenger is going to join
and after the vehicle stopped, participant 2 entered by presenting their QR code that
had been sent to them earlier in order to minimize effort in the scope of this pretest.
Once ready to start their ride, they also tapped the start button and the trip continued
for approximately eight minutes until participant 2 reached their destination and exited
the vehicle. After another minute of riding alone, participant 1 also reached their final
stop and left the shuttle. In the post ride phase of the experiment, participant 1 was
debriefed and offered a ride back to the starting point during which participant 2 was
also picked up. Subsequently, both participants were asked about their experience
with the ride. For this pretest setting, the opinions of the subjects were collected solely
in the context of a short qualitative interview in which they were asked what should
be continued, improved, stopped or added to the ride-pooling service.
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Results
Qualitative post-ride interviews

Participants were positive about the comfort level of the service and the possibility to
determine the departure of the vehicle by pressing the start button. The ingress process
by presenting the QR-code was also mentioned as user friendly. Suggestions for
improvement addressed the information screen display. A wish was expressed for the
route progress information to be displayed more clearly during the journey. One point
of criticism was that the live broadcast of the traffic ahead could be annoying or
suggest that the passenger’s attention is necessary. In addition, it was not always clear
to the participants where exactly they should get off. A clearer marking of the exit
location in the app was mentioned as a solution to this problem. Additional features
that participants wished for were more space between the two seats and a table for
longer journeys. Stronger individualisation of the digital displays was also suggested.
Lastly, it was noted that a physical emergency stop switch instead of a sticker could
provide more realism. With regard to the credibility of the vehicle's autonomy, there
were mixed results. While some of the participants were quite convinced that they
were sitting in an actually automated vehicle, others were at least sceptical due to their
background knowledge of the current state of the art of automated driving.

Lessons learned

Conducting a feasibility study regarding a WoOz trial in a multi-passenger setting
provided important insights and highlighted critical requirements for such testings. It
can be assumed that there are distinct differences between WoOz testing for private
passenger cars and SAVs. Based on the experiences made, the following basic
guidelines for WoOz testing of SAVs are suggested:

1. Vehicle choice: Ideally, a larger van or minibus is used to convey the feeling of
a purpose built vehicle that does not create the impression of a private passenger
car.

2. Vehicle interior and positioning of participants: A generous amount of space
should be offered which entails the avoidance of bench seats unless the
examination of lower comfort interiors is deliberately aimed at. A back seat setup
as is already common in representing level 5 automation (Bengler et al., 2020) is
advisable. A partition that separates the front row from the rear of the vehicle
provides a comfortable workplace for the interaction as well as the driving
wizard.

3. Consideration of the holistic travel process: In order to map the entire process of
a journey with an autonomous ride-pooling service, the associated booking
process should also be integrated into the experiment. This includes both the
prototypical interface of a booking app and a frame story that gives participants
a comprehensible reason for their journey. Similarly, the experiment should not
end inside the vehicle, but the drop-off process including complete egress should
also be part of the investigation.

4. Consideration of multi-user settings: SAVs will only be able to contribute to
reducing traffic volume if they are in fact shared by multiple passengers.
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Therefore, WoOz studies in the context of SAVs should be designed in such a
way that realistic interaction between multiple passengers is possible.

Discussion

Based on a review of current literature, this pretest is the first of its kind explicitly
aimed to explore difficulties in realizing a WoOz study in the context of SAVs and to
identify the prerequisites for it as well as establishing guidelines by focussing on
methodological aspects like vehicle interior modification, interface design, or
interaction among passengers. Essentially, it can be stated that this experimental
method is well suited for evaluating the needs of future users and it should find a
larger place in the repertoire of user-centred shared mobility research. However, it
must be taken into account that established procedures from the field of WoOz
research on passenger cars should not just be blindly adopted. While methodological
problems such as the consistency of the driving wizard’s driving style are certainly
also a challenge, other areas specific to SAVs must be taken closely into account.

First, the selection of the test vehicle plays a greater role. The vehicle interior needs
to receive more attention in the development of purpose built vehicles (Dorynek et al.,
2022). Therefore, by using spacious cars, research in future WoOz studies for SAVs
could focus particularly on ingress-egress processes with multiple passengers, as well
as on privacy or in-vehicle security issues. Also imaginable are studies on alternatives
to the classic seating layout, such as campfire or vis-a-vis arrangements. Second,
interaction concepts like passenger information screens or voice assistants as well as
a frame story that justifies the trip are supposed to immerse participants as much as
possible. As was shown by Baltodano et al. (2015) and Alpers et al. (2020) the use of
a welcoming digital assistant improved participants’ attitude towards the vehicle. In
this context, the recommendations of Large et al. (2019) regarding conversational user
interfaces should be followed. Finally, the ideal solution in terms of a naturalistic
usage of a ride-pooling service would be the approach by Meurer et al. (2020) to
integrate the experiment into participants’ daily life. However, this is hardly feasible
especially if more than one participant is supposed to take part in the experiment at
the same time. Nevertheless, a multi-user setting is indispensable in the development
and testing of SAVs. As long as this type of vehicle is not tested in the shared state
under real road conditions, it is difficult to draw reliable conclusions about the
behaviour and experience of future users in shared interiors. It is debatable whether
the additional passenger should be another naive participant or a confederate
researcher. While it is true that the simultaneous study of two participants in the same
vehicle presents a methodological challenge and greater susceptibility to the influence
of confounding variables, this way of conducting WoOz studies would represent the
most realistic way of conducting shared rides.

Bengler et al. (2020) rightfully call for strictly monitored consistency in WoOz
studies, especially in the characteristics of the driving wizard. This certainly also
applies to studies of this kind on SAVs. Additionally, to counteract the
methodological issues of WoOz experiments, results from these studies should always
be compared to and put in relation with findings derived from other research methods
like virtual reality studies, interviews, questionnaires or workshops. Still, the
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outcomes of this pretest can be described as positive and increased usage of this
method will certainly contribute to a more user-centred design of SAVs.
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