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Figure 1: Qualitative research on urban robot, Woodie, in-the-wild and online: researcher interviewing people at a public
festival (left), and remote interview facilitated through a virtual experience prototype (right).

ABSTRACT

This paper presents insights from a pilot study in which we used
a Virtual Experience Prototype (VEP) to gather qualitative feed-
back in an online evaluation context. For our study, we created a
VEP consisting of a non-immersive virtual reality simulation of an
urban robot to inform the design of robotic expressions. Through
the means of video conferencing software, we were able to collect
qualitative data through the think-aloud protocol while partici-
pants interacted with the VEP, followed by subsequent in-depth
interviews. By comparing our data to findings from previous in-the-
wild deployments, we report on aspects which were comparable
to in-person evaluations. Reflecting on our approach, we present
a preliminary list of lessons learnt and examine how VEPs can
support researchers and practitioners to gain rich feedback from
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participants in synchronous remote user testing. While bearing in
mind the limitations over physical prototypes, we argue that VEPs
can be used as a lightweight tool to engage participants in remote
interviews through interactive spatial experiences.
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1 INTRODUCTION

Remote user research has become an increasingly popular mode
of inquiry to obtain feedback from users at various stages in the
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design process [13, 27, 39]. Compared to in-person lab and field
studies, remote studies provide several advantages, such as access
to participants in various locations and time zones, as well savings
of time and costs. With the establishment of crowdsourcing services
such as Amazon MTurk, remote studies have become a widely estab-
lished research tool in academia and industry. Most of these studies
are conducted in the form of unmoderated online surveys, where
quantitative data is collected, for example, through likert scales, or
qualitative feedback through text input. For evaluating specific as-
pects of a design, these surveys can be augmented through videos
[4], click-though mock-ups [2] or interactive simulations of the
prototype in question [44]. While this is now a common approach
for experimental studies in human-computer interaction (HCI), less
is known about the remote evaluation of prototypes following a
qualitative descriptive research design, for example through ob-
servations or semi-structured interviews. However, this type of
study is important to gain rich contextual insights about how users
perceive and interact with a prototype in a certain situation, and
it is also applicable to new and emerging areas of research where
coherent theories might not exist yet [3].

At the same time, with the availability of easily accessible game
development platforms, such as Unity!, computer-generated sim-
ulations have become a popular method among HCI-researchers
and practitioners for the design and evaluation of early design con-
cepts. These simulations can be deployed and experienced across
various platforms, for example through an immersive virtual real-
ity (VR) headset [33] or on a conventional computer screen [21].
They provide several benefits in terms of technical effort and skills
required to build prototypes [33], as well as cost reduction and
robustness [29, 44]. By incorporating interactive components and
some level of functionality, designers and prospective users can
actively engage with an envisioned future product, system, or me-
diated environment. Buchenau and Suri refer to this form of early
concept explorations as experience prototyping [8], whereby the
prototype does not necessarily take on a physical form, but can be
deployed in any medium, including VR, as long it supports under-
standing, exploring and communicating the envisioned experience.

In this paper, we build on the notion of experience prototyping
and investigate how this form of early concept explorations can
be carried out in remote design exploration sessions. We therefore
propose the use of Virtual Experience Prototypes (VEPs), which
we define as a specific instance of an experience prototype: a light-
weight application that is designed to enable rapid prototyping and
remote evaluation of an interactive experience in a non-immersive
VR environment. As VEPs mimic the general appearance and func-
tions of a prototype in the real world, we argue that they can be of
value to reveal insights on how users may perceive the envisioned
product, even if they are not able to interact with it in a real-world
setting. To illustrate our approach, we present preliminary insights
from a synchronous remote user study [39]; we observed and in-
terviewed participants while they were interacting with an urban
robot named Woodie, manifested through a VEP. Our analysis indi-
cates that some of our findings match those from previous studies
that we conducted on Woodie [19, 20], as well as similar HRI studies
[10, 26, 42, 43, 49], which were executed in a real-world context: for
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example, how the robot was perceived, as well as how participants
intended to interact with the robot. Based on our approach, we
present a preliminary list of lessons learnt in designing and em-
ploying Virtual Experience Prototypes to collect qualitative data in
remote evaluations. Further, we discuss challenges in interpreting
feedback on non-immersive virtual experiences, which risk missing
out on aspects such as collective sense-making or tangible interac-
tions, when compared to their real-world counterparts. We believe
our findings can be useful to researchers in the field of Human-
Robot Interaction (HRI) and HCI who wish to employ lightweight
remote prototyping tools in the design and evaluation of robotic
applications and interactive spatial experiences.

2 RELATED WORK

Our work on VEPs builds on and combines experience prototyping
[8] and remote user testing [39], two methods which have been
extensively used by the HCI community to evaluate early design
concepts. We believe that the use of non-immersive virtual environ-
ments may accommodate for the combination of these two methods.
Therefore, we build on insights from previous studies conducted
with virtual environments to inform our own.

We present an overview of studies which have used VR for
evaluating HCI-systems, many of which were conducted in a lab
environment and employed quantitative data collection techniques.
As our research context was concerned with an urban robot we also
refer to findings from HRI evaluation studies using non-physical
prototype representations, such as video and VR (see Figure 2).

Study Technology Data Coll
Makela [30] (2020) m Gaze data, Post-experience questionnaire
Baingridge [4] (2011) Time to respond, Video recordings, 8
EIEIR Ferr e
Fridin [14] (2014) Task completion, Interaction level
E E Eye contact & emotional response
Kidd [21] (2004) g D Post-experience questionnaire
Seo [37] (2015) =] o Post-experience questionnaire
Woods [44] (2006) E E Questionnaire, Post-experience interview
Bartlett [5] (2015) E Completion of task, Audio/Video Recording,

Post-experience questionnaire

Giachetti [16] (2013) Number of task conducted, @,

=i Time within task, Time to complete goal &
Talone [40] (2013) | Semi-structured interview 2
Legend: m Immersive E Real-World Video Interactive Quantitative Study

E3 o immersive Y omputer-enerated
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Figure 2: Overview of related VEP studies in HCI.

2.1 Experience Prototyping

The creation of prototypes is an essential activity in the design
process of interactive systems [9]. Thereby, prototypes can fulfil
various purposes: for example, prototypes can be used to evalu-
ate multiple design concepts and select the most promising before
moving on to the next development stage. Further, prototypes can
be used as a communication tool to help other designers, clients
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or potential users to understand a design concept that is mani-
fested through the prototype, thereby also acting as an enabler to
generate new design ideas [8, 30]. Buchenau and Suri introduced
the concept of experience prototyping [8], emphasising the active
engagement of participants to convey the experience when inter-
acting with an artefact. Further, they highlight the importance of
considering contextual factors, such as social circumstances and
environment. Experience prototyping has been widely applied in
the HCI-community: for example, Henderson et al. described the
use of rapid modular prototypes to augment user interviews in a
study on parking meters [17]. Lim et al. emphasised the importance
that designers should carefully consider the manifested form of
prototypes (e.g. material, level of detail), which in turn filters the
design qualities of interest [30].

2.2 VR for User Testing

For the purpose of this review, we will put VR (using computer-
generated representations) into two broad categories. The first, im-
mersive, implies a certain level of immersion, for example through
the use of head mounted displays (HMD) with associated controllers
[33], or a four-sided Cave Automatic Virtual Environment (CAVE)
[40] where the user’s bodily movements are translated into the
virtual world. The other category is non-immersive, which com-
prises settings where users experience the virtual world through a
computer screen or tablet. Movement and rotation is done with a
keyboard and mouse or through rotation of the device [36].

Immersive VR provides researchers with the opportunity to eval-
uate prototypes without the need of physically building and deploy-
ing them into the real-world. Thereby, it offers a high level of inter-
activity, and can immerse participants into the environment and
context the prototype is situated in [33]. Studies have investigated
the efficacy of immersive VR in various contexts, such as evaluat-
ing pedestrian safety [12], locomotion behaviour [1], wayfinding
[40], and interactions with public displays [33]. All of those stud-
ies emphasised the higher ecological validity of immersive VR in
comparison to controlled lab studies, while mentioning that it is
still weaker than field studies conducted in the wild. However, with
HMDs just entering the consumer market and CAVE systems being
expensive to build, immersive VR testing is still often conducted in
lab environments.

On the other hand, non-immersive VR allows researchers to eval-
uate their prototypes without the need for specialised hardware
equipment, thus increasing the feasibility of remote user testing,
where participants are not required to come to a lab. A study by
Madathil & Greenstein [32] evaluated the efficacy of remote col-
laborative non-immersive VR for usability testing by comparing
it to a controlled lab and video conferencing contexts. The results
showed little difference between the three cases except in terms of
ease of use and mental load in part of the participant cohort, with
controlled lab cases scoring best.

Hollaender et al. [21] used a non-immersive virtual environment
in a remote study to collect pedestrian behaviour data when virtu-
ally crossing a road. They reported that the virtual environment
evoked similar behaviour to that observed in the real world, thus im-
plying that their method enables collection of pedestrian behaviour
data at large-scale and not posing any danger to study participants.
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2.3 Evaluating HRI through Video and VR

Although conducted in the same environment as the researcher, a
number of studies have investigated interactions with humanoid
robots through video-based playback in comparison to real robots.
Researchers evaluated engagement and perception [23, 47], empa-
thy presented by the participant when something bad happened
[41], response of preschool children when instructed to perform
motor tasks [15], and judgement and trust when presented with
instructions [4]. Although there was a lack of interaction, the stud-
ies suggested that physical and video-based robots were treated
the same in most cases. However, the physical presence of the ro-
bot played a role in social interaction and participants were more
responsive in these cases [4, 15, 41].

Other virtual robot studies investigated non-humanoid utilitar-
ian robots for military operations [16, 44] or urban search and
rescue [5, 29, 46], utilising interactive non-immersive VR. The key
benefit is that virtual robots are better suited for repeated trials. This
makes it easier to test various HRI behaviour beyond the general
functioning of the robot [29, 44]. Further, physical robots may have
some level of unreliability due to issues with power supply or mis-
aligned sensors, which can cause physical testing to be cumbersome
and failure is therefore more detrimental to the study in a physical
set up [44]. Additionally, virtual robots cost less to build, reduce
data collection time and effort, and are easier to modify, thereby
allowing a wide range of research objectives to be addressed [44].

To sum up: Experience prototyping is a common approach in HCI
and there is a wealth of examples on how to create physical pro-
totypes (e.g. using tinkering platforms) for evaluating envisioned
products. Furthermore, previous studies have shown that VR can be
also a viable technology for collecting user data. While remote test-
ing provides several advantages and is widely used for the collection
of quantitative data, little is known about the use of VR to create
virtual experience prototypes for the collection of qualitative data
remotely. In our study we address this gap and present preliminary
findings on evaluating an urban robot through a non-immersive
VR environment in an online context.

3 METHODOLOGY
3.1 Research Context

As non-humanoid robots are expected to become pervasive in the
near future - also in urban environments - researchers have began
to investigate how to increase their social acceptance, for example
through the ability to express emotional states [10, 26]. Empiri-
cal studies have proved the effectiveness of emotional expressions
through various modalities, such as light [45], sound [24, 48], move-
ment [10] or varying combinations of each [19, 42, 49]. However,
most of these studies have been carried out in a controlled lab envi-
ronment. Our recent in-the-wild study [19] conducted with an ur-
ban robot, named Woodie, on the contrary, showed that contextual
aspects can influence the perception of the robot and its emotional
expressions. This makes it more difficult for people to interpret the
emotional expressions compared to their lab counterparts. Further,
the study illustrated a need for coherent integration of emotional
expression with a robot’s function, as emotional expressions are not
intuitive when presented in-the-wild [19]. Consequently, a robot’s
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behaviour benefits from being coherent with its shape and func-
tion. The here presented research-through-design study [50] builds
on this previous findings. By using the same robot, we sought to
address these challenges by investigating a method for encoding
functional and emotional expressions. Through the modalities of
light and sound, the functional states we communicated were move,
draw and rest, while the emotional states were excited and tired.
An existing framework that proposed the communication of status,
intent and awareness for self-moving automated systems guided
our design considerations [35]. Our project progressed through the
creation of a framework for designing robotic expressions based
on existing literature, the iterative development of a VEP to test
these expressions and, finally, collecting and analysing data from
an expert user study.

3.2 Prototype Design and Development Process

Following Buchenau and Suri’s definition of experience prototypes
[8], we created a VEP that users can interact with through the Unity
3D game engine. We designed a setting that mimicked the robot’s
first deployment [20]: an alleyway at night time with a few neon
lights scattered throughout the scene. We created a 3D-model of
the robot, thereby retaining the same proportions as the physical
counterpart. The robot was equipped with 64 individual lighting
components to present the designed expressions (see Figure 1, right),
thus simulating the interface qualities of the physical robot.

We used Processing 2 to create the visual expressions. At first, the
output from Processing was sent to Unity using an UDP transmis-
sion/receiver script (see Figure 3, left) to allow for quick prototyping
iterations. After confirming a final set of visual cues for the user
study, we converted them into a set of videos. The videos were
then imported into the Unity project, and a separate script was
developed to extract the pixel information from the videos and map
them onto the LED materials of the 3D-modelled robot3. To create
the audio expressions, we used a Vocoder in Ableton Live?. Each
file was uploaded to Unity and triggered when the visuals changed,
signifying a state switch. We started with a number of audio expres-
sions per state, later reducing it to one per state. Figure 3 (right)
presents an overview of the second iteration of the prototype. The
model was completely automated. We randomised movement to
create the impression that the prototype acted autonomously. State
switches occurred every 10 seconds. When users moved in front of
the robot, it would stop, express awareness of the user and change
direction after some time. For user movement, we opted for a first-
person perspective to mimic a real world perspective. Users could
use the keyboard buttons “WASD” to move around, and change
their gaze direction using the mouse. Once we concluded the soft-
ware development, we distributed the VEP through a standalone
software application, which participants could download and run
on their own computers for the purpose of the remote user study.

Zhttps://processing.org/

3Follow the link to access the Gitlab repository containing all the Unity code for the
VEP: https://gitlab.com/almok/remote-interview-through-veps
4https://www.ableton.com
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Figure 3: First iteration prototype (left): using Processing to
create visuals and Unity to apply them to the virtual robot.
Second iteration prototype (right): visual and audio expres-
sions uploaded to Unity and applied to the model.
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3.3 User Study

We conducted a remote study with eight experts of various design
backgrounds with relevance to our study purpose: two professional
sound designers, five interaction designers and one PhD-student
in design robotics with a background in product design. The ex-
pert sessions were carried out individually via Zoom, each session
lasting forty minutes in total. We opted for an evaluation with
designers rather than potential users as our aim was less to spot
usability issues with the current prototype, but rather support the
ideation of alternative design approaches. All sessions were audio
and video recorded for later transcription and analysis.

At the start of the testing session, we introduced the experts
to the topic of the study and gave them a brief description of the
research context. We described how we designed the functional and
emotional expressions and asked the experts what they expected
those expressions to look and sound like. Then, we asked partic-
ipants to start the VEP which they had previously downloaded.
After getting familiar with the controls (approx. one minute), we
asked them to explore the virtual space while continuously thinking
out loud [28]. We wanted to uncover the participants’ immediate
impressions of how they perceived and interpreted the designed ex-
pressions. After approximately 7-10 minutes of interaction - when
the participants had explored all aspects of the VEP - we asked
experts to close the prototype and conducted a 30-minute semi-
structured interview. Our line of questioning was directed at how
effectively the robot communicated functional and emotional cues,
what kind of characteristics and intentions the participants would
attribute to it, and what other approaches the experts could envision
for the design of the robot’s expressions. We kept our questions
open-ended and let participants express themselves freely.

4 FINDINGS AND DISCUSSION

Using a VEP to remotely evaluate our designs through qualitative
data collection techniques provided rich insights. We found that our
participants’ impressions of the virtual robot generally matched im-
pressions of the physical robot in two previous in-the-wild studies
[19, 20]. This suggests that the method has the potential to be used
as an additional lightweight tool for the purpose of remote qualita-
tive data collection. However, we acknowledge that the sample size
for the study is small and conducted with only experts - who have
more experience in the domain of human-centred design, therefore
the data we present here is only indicative. Further studies need
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to involve larger number of participants, including experts and
non-experts, to confirm our findings.

In the following section, we present and discuss the insights
from our deployment of the VEP. Using thematic analysis [6] on
transcripts and observations, we looked for data points related to
findings from previous studies on the physical robot and other
related HRI studies. We identified the following key themes:

The virtual robot seemed alive and had character. Participants
readily perceived the VEP as animate, and would anthropomorphise
it or relate it to other living things such as animals and foreign
beings. Moreover, they perceived it as curious, inquisitive and cau-
tious, whilst also being independent and purpose-driven, and pro-
jected positive characteristics such as cute, adorable, friendly and
playful onto it. Even though they were interacting with a virtual
robot on a screen, participants generally acknowledged and em-
pathised with its emotional expressions. As shown in previous
studies, emotionally expressive robots are socially more accepted
[10, 26]. Crucially, all these associations and characteristics corre-
spond to the ones elicited by the same robot in its physical form
during previous deployments [19, 20].

Participants explored the robot’s interactive behaviour. We
observed that participants would thoroughly explore the rules
around the robot’s interactive behaviour and would try to get as
close to the robot as possible. One potential reason for this was the
clear communication of directionality through the virtual robot’s
eyes, which would dynamically appear on the area of the robot
facing the movement direction, or disappear when the robot was
in a resting state. Szafir et al. [43] point towards the advantages of
having non-humanoid robots communicate direction, noting how it
allows users to better predict the robot’s behaviour and intentions.
In our case, the communication of directionality emphasised the
presence of behaviour and intentions, and encouraged participants
to discover the specific rules around the robot’s operation. A second
possible factor was the robot’s awareness of the user’s presence and
actions, which was communicated through various colour patterns
and audio cues. Once participants noticed the communication of
direction and moved in front of it, they would repeatedly trigger
this interaction. This behaviour matches responses during the phys-
ical robot’s real-world deployment where participants would move
very close to the robot to see if it would react to their presence
[20]. However, one participant who only moved once in front of the
virtual robot mentioned: “It was quite obvious with the eyes and
[that] it would be moving in this direction... I felt it had a purpose
and I did not want to disrupt its purpose in life”. This behaviour was
also occasionally observed in the first deployment of the physical
robot, where some participants felt the robot had a purpose and
would therefore stay clear of its path and observe, rather than try
to interact with it.

Participants moved around to gain a new perspective. Even
though the robot was spherical in shape and looked similar on all
sides — except for the side communicating its direction through
the low-res display — participants would move around the scene to
gain a new perspective. After an initial learning phase of getting
familiar with the controls, they made full use of the VEP’s spatial
possibilities, rather than passively observing the robot like in a
video recording. Participants explained, that they wanted to get a
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clear view where it would go and what would happen if it ran into an
object or into them. This again corresponded well with participant
behaviour during the robot’s physical deployment, when people
would walk around it and observe it from different angles in an
attempt to fully understand its purpose and behaviour [20].

The prototype’s multimodal cues effectively conveyed its var-
ious states. All participants were able to identify emotional and
functional cues from the visuals, corroborated by the audio. The
visual cues were reported to be indicative of emotional states, al-
though we received differing opinions from participants on what
those emotions were. This is expected as colours are “situation,
history [and] personal dependant” [34]. Participants pointed at the
implied meaning of the visuals based on their shade and brightness,
whereas the audio cues explicitly communicated the emotional
states, hence confirming their expectations. Conversely, the proto-
type’s functional cues were explicitly communicated through visual
means, conveying behavioural information such as status or intent,
while the audio cues implicitly communicated these. Previous stud-
ies on multimodal expression in HRI emphasise the accumulative
effects of multimodality, noting how communication via a combina-
tion of several modalities can be more effective than via a single one
[31, 42, 49]. We found that participants readily saw the modalities
used in our VEP - low-resolution light patterns and audio cues —
as part of the robot’s multimodal communication.

Sense of presence was not satisfied. Participants were constantly
aware that they were interacting through a computer screen rather
than with a physical robot and reported this as a limitation. This
has also been found in prior studies that utilised video-playback for
assessing virtual robots [4, 15, 23, 41, 47]. One participant expressed
how interacting with the virtual robot through a computer screen
was restricting the robot’s communication skills. In reference to
the robot’s visual and audio cues during the awareness interaction,
she stressed that “[...] with the computer screen it’s a little bit more
difficult to express that”. We believe that the VEP’s lack of spatial
sound localisation [37] made it difficult to clearly assign the vari-
ous audio cues to the robot. The diminished sense of presence in
virtual prototypes also led to a lack of tangible rapport with the
robot. Physical robots, for example, provide a tactile sensation that
cannot be satisfied in VR. One participant in our study mentioned
that, “it’s like a dog, you just want to pet it”. Participants in the
physical robot’s first deployment [20] would often touch the robot,
and children often tried to hug it. Our VEP was not able to provide
this sensation and we did not attempt to approximate this kind of
interaction using participants’ mouse or keyboard input.

5 LESSONS LEARNT

Our motivation for this study was to investigate the feasibility of
using VEPs to rapidly prototype interactive systems to collect qual-
itative data in a remote context. Our findings indicate that the data
collected through this method can match those of a physical setup.
The overall design process, deployment and subsequent testing
revealed some interesting opportunities for further investigation
and improvement. By discussing these lessons learnt we hope the
HCI community may benefit from the notion of VEPs to collect
qualitative data in an online evaluation context. The lessons are
presented and discussed throughout the following two sections:



0zCHI *20, December 2-4, 2020, Sydney, NSW, Australia

VEP Design and Deployment, and Using VEPs to Augment Remote
Interviews.

5.1 VEP Design and Deployment

Virtual prototypes require less effort to build and are easier
to maintain. A variety of features may be tested without the nec-
essary hardware, different deployment settings may be designed,
and they have the benefit of being more robust for repeated tri-
als [29, 33, 44]. In the context of our research project, the actual
physical robot (which we modelled in VR) is yet to have any compo-
nents installed that enable situational awareness and audio output.
This is a limitation, which we were able to circumvent through
the use of our VEP. Additionally, we were able to easily program
the behaviour of our virtual prototype, including state switches,
movement trajectories and obstacle detection. A large number of
HRI studies involving physical robots, including the previous de-
ployments of Woodie [19, 20], have employed the Wizard of Oz
(WoZ) technique [22], thereby controlling robot behaviour through
a human operator [44]. While the implementation of this is simpler
than creating fully autonomous behaviour, it still requires opera-
tor training, coordination with the moderator and access to, and
understanding of, a robot’s movement controls. In contrast, our
VEP could be realised with little knowledge of robotic systems and
VR development, as the necessary software tools, such as Unity,
Blender, and Processing, are widely available and provide high-
quality educational resources at no cost. Combined with a large
and active user base, this made our VEP very accessible both in
terms of expertise and cost.

Noticeable gaps and unrelated items should be avoided. We
found that several participants tried to discover technical limitations
in the virtual environment or were intrigued by objects unrelated to
the focus of the study. As we did not enclose the virtual space (see
1, right), participants often tried to move off the scene to explore
the limits of the virtual environment. Although movement was
restricted to avoid this, some participants needed to be reminded
to maintain focus on the robot rather than wander off. To mitigate
this issue, we recommend designing a completely enclosed space
without any observable gaps. Similarly, some participants started
analysing objects within the scene that captured their attention.
Hence, minimising the number of objects that are in close proximity
of the artefact in question may help with maintaining participant
focus, even if this might make the virtual environment less realistic.

5.2 Using VEPs to Augment Remote Interviews

VEPs can have ecological validity for certain research ques-
tions. As suggested by our preliminary findings, many similarities
were drawn from existing studies with physical robots. Nonetheless,
we encountered some challenges specific to VR, the lack of a tactile
sensation and the social aspect surrounding urban deployments.
Therefore, this form of prototyping may not reach the validity of
in-the-wild studies, but can be used as a lightweight tool to answer
specific research questions, for example related to the perception
and interpretation of a robot’s behaviour and embodiment. Further
research is required to investigate in a more systematic manner
which type of common research questions in HRI can be evaluated
through a VEP. Additionally, as our study was restricted to expert
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participants, it would be worthwhile conducting further investiga-
tion of this prototyping approach on target end users. To achieve
results more akin to that of real world urban deployments, where
interactions are spontaneous [18], it would be appropriate to with-
hold information on the research to participants. Instead a short
description of the situation to simulate a natural scenario should
be provided to give participants context before entering the virtual
environment [33].

Multi-user support may provide the grounds for a collective
sense-making process. The physical robot’s first deployment [20]
stimulated a honeypot effect [7] and would often have a multitude
of people interacting with it at the same time. Therefore, a passer-by
could learn of the interactions by observing an active participant
[18]. It can be deduced that not only the user’s experience, but also
the comprehension process is different in a field study scenario in
comparison to our virtual prototype. An alternative would be an
online virtual world implementation, such as Second Life, which
has been applied for learning purposes [11], or the programming
of a crowd interacting with the robot in the virtual environment
[33], which the user would encounter when arriving at the scene.
In order to simulate social aspects and leverage collective sense-
making processes, we are planning to further develop our VEP
implementation and approach to support multiple remote partici-
pants interacting with the robot simultaneously. This also opens
up new questions that needs to be addressed: for example, what
avatar representations (i.e. low vs. high visual realism) best to be
used, and how the current evaluation protocol of using think-aloud
and semi-structured interviews needs to be adapted.

Location-independent evaluation. Our research team for this
study was distributed across the globe, however through the built-
in collaboration capabilities in Unity we were able to develop the
prototype simultaneously. Participants also came from various lo-
cations and distribution of a software application enabled us to
synchronously evaluate the prototype through video conferenc-
ing. As such, VEPs provide the grounds for location-independent
design teams and the reach of a larger, more diverse participant
pool, thereby also providing the means for studying aspects related
to cultural differences. This is, we would argue, one of the key
benefits of VEPs over physical and immersive VR prototypes. Phys-
ical prototypes require the participant to be in the same vicinity.
This may involve a lab environment or moving the prototype to a
new environment, which has its own set of difficulties [29, 33, 44].
Immersive VR does have the benefit of being lower in cost - depend-
ing on the level of immersion, easy to maintain and is suitable for
repeated trials when compared to physical prototypes. However,
HMDs for immersive VR are just entering the market and only few
people own an HMD. Therefore, testing is usually conducted in a lab
environment or in a safe space clear of obstructions [1, 12, 33, 40].

Think-aloud protocol and interviews seamlessly applied. We
found that participants were able to employ the think-aloud proto-
col with ease. Participants would often comment on the changes
in visuals and audio and how they perceived these changes, whilst
also attempting to understand where the robot would go and what
would happen if they blocked its path. Data extracted from the
technique allowed us to assess participants’ impressions and how
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they went about understanding the VEP. Therefore, we were able
to obtain rich insights for our designs. This technique is not com-
monly used in immersive VR studies. Instead researchers are opting
to collect qualitative data through post-experience interviews and
questionnaires [12, 25], or quantitative data through eye tracking
and task completion time [1, 33, 40], in order to not interrupt par-
ticipants’ immersive VR experience.

On the other hand, when testing in an urban context, using the
think-aloud protocol while the participant is interacting with the
prototype is more difficult. Due to the transient nature of public
spaces, interactions with urban interfaces are more fluid and interac-
tion duration may be short [18], therefore employing a think-aloud
protocol is often not viable. Instead, a participant’s actions are ob-
served at first, followed by a post-experience interview. However,
participants recruited on site may not be interested in giving an
in-depth interview, which is therefore often kept short [19, 20]. In
contrast, with our VEP, we were able to obtain rich insights into a
participant’s thoughts and impressions during interaction. Further,
participants may feel more comfortable interacting and providing
feedback in a remote study setup, as it prevents perceived risk of
social embarrassment [38].

Video conferencing for observing and recording participant
interactions and expressions. Participants were asked to share
their screen during interaction with the prototype, so that we could
observe their actions in the virtual environment. At the same time,
a video stream of the participant’s camera was still available to
us during screen-sharing. A benefit here over physical testing is
the reduced amount of equipment required to record user interac-
tions. While physical testing of self-moving interfaces and spatial
experiences may require multiple cameras and microphones, this
form of testing only needs a single webcam and microphone, which
most computers are equipped with. Facial expressions and speech
are the main focus, allowing for easy application of transcription
software. Recordings in a physical space may miss some cues due to
non-optimal positioning of recording equipment. This said, virtual
testing can miss out on bodily expressions, which are also key for
interpretation of user impressions [14]. Another issue with confer-
encing software is the requirement for an internet connection to
be maintained throughout testing. One participant’s connection
dropped while he was interacting with the prototype. This slight
pause in the interaction can be detrimental to the quality of results
as participants are required to backtrack. Additionally, some level of
knowledge of the conferencing software is expected on part of the
participant cohort. Participants who aren’t well acquainted with
conferencing software are expected to face more difficulties with
this form of testing, hence leading to longer session.

6 CONCLUSION

In the context of a study on functional and emotional cues for
urban robots, we described the design, deployment and evaluation
of what we refer to as a Virtual Experience Prototype (VEP). We
designed a virtual instance of a previously deployed urban robot
and conducted a remote study, in which participants interacted
within the virtual environment through a game engine. During the
participant’s experience, we collected qualitative data using the
think-aloud protocol, followed by semi-structured interviews.
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Our study offers insights into the remote collection of qualita-
tive data for the evaluation of interactive spatial experiences and
human-robot interaction. It draws from previous work that high-
lights how remote data collection can in some cases provide a valid
alternative to in-lab and in-the-wild studies. While bearing in mind
the limitations over physical experience prototypes and evaluations
in a real-world environment, VEPs employed in remote study se-
tups provide several benefits: they are lightweight in development
and deployment, and can be evaluated location-independent with
a broad pool of potential participants.

By drawing connections between our findings and previous de-
ployments of the robot in its physical form, we showed how several
of our participants’ experiences, impressions and behaviours largely
match those observed during in-person evaluations. The emerg-
ing themes included readily perceiving the robot as animate and
assigning a persona, exploring the robot’s interactive capabilities
through trial-and-error, closely observing the robot’s activities in
order to understand its purpose, and perceiving the robot’s individ-
ual modalities as part of its multi-modal communication.

To sum up, VEPs present a specific instance of experience pro-
totypes [8], which come with new opportunities for remote eval-
uation, however also a range of considerations to be made when
creating them. Unlike often the case with physical experience pro-
totypes, virtual experience prototypes require not only to design
the artefact itself, however also the surrounding context and envi-
ronment in which the artefact is situated in. Based on our study,
we presented a range of lessons we have learned along the design
and evaluation process. Further we indicated areas of potential
future work, such as supporting multi-user remote evaluations to
enable collective sense-making processes and simulate multi-user
interactions with public interfaces. We hope our study provides a
starting point for other designers and researchers who are aiming
to evaluate interactive spatial experiences remotely in a virtual
setting.
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