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ABSTRACT

Robots deployed in public settings enter spaces that humans live
and work in. Studies of HRI in public tend to prioritise direct and
deliberate interactions. Yet this misses the most common form of
response to robots, which ranges from subtle fleeting interactions to
virtually ignoring them. Taking an ethnomethodological approach
building on video recordings, we show how robots become embed-
ded in urban spaces both from a perspective of the social assembly
of the physical environment (the streetscape) and the socially or-
ganised nature of everyday street life. We show how such robots
are effectively ‘granted passage’ through these spaces as a result
of the practical work of the streets’ human inhabitants. We detail
the contingent nature of the streetscape, drawing attention to its
various members and the accommodation work they are doing. We
demonstrate the importance of studying robots during their whole
deployment, and approaches that focus on members’ interactional
work.
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1 INTRODUCTION

Robots deployed in public settings—such as autonomous delivery
robots—operate in spaces that people live and work in. This ap-
parently banal observation has significant implications for robot
design and how HRI itself both conceptualises and studies human-
robot interactions. As delivery robots get deployed in more and
more public spaces—residential streets, university campuses, and
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shopping areas [15, 46, 90]—it becomes ever more pressing that we
understand in detail what happens at street level.

HRI has explored how to design robots for public settings [28,
98], developing algorithms for navigating urban spaces [41], and
modes for communicating with other people on the road [45, 53,
61, 99]. This work has also mapped how people react to robots in
public, documenting positive responses [15, 49] as well as robot
abuse [3, 12]. At the same time, research in HRI has underlined the
importance of systematically studying interactions with people who
are not primary users— “incidentally co-present persons” [69]—and
of designing for “implicit” interactions with these people [34, 53].

What this work has not yet done, however, is present how ‘au-
tonomous’ technologies become enmeshed within the social or-
ganisation of everyday street life. To this end we present a video-
ethnographic study [25] of delivery robots and the mundane, ev-
eryday encounters with people and objects on the street that ensue.
Drawing on video recordings from two field sites in the United
Kingdom (as well as observations in Tallinn, Estonia), we demon-
strate how delivery robots encounter the socio-materiality of the
streetscape, and members of street who work there, or who are pass-
ing through. Our study aligns with a strand of interaction-oriented
research on how novel technologies meet the streets and roads of
cities and towns. This includes e-scooters [85], ‘self-driving’ cars
[11], robotaxis [10], and autonomous buses [50].

The contribution of this paper is threefold: 1) we offer a video-
based empirical study of a working robot deployment, focusing
on the whole process of a delivery; 2) we provide a nuanced view
of the role of people—i.e., ‘members of the street’—that a robot
encounters during a delivery ride; and 3) we demonstrate how real
world studies can deepen our understanding and theorising of HRI,
sensitising us to the subtle but nevertheless essential interactions
that take place in these spaces.

2 RELATED WORK

Three key areas of research inform our study. We review work on
human-robot encounters in public and extant (albeit limited) stud-
ies of delivery robots specifically. Then we point to the extensive
body of work in human-computer interaction (HCI) on public inter-
actions with technology. Finally, we underpin our methodological
approach by examining sociological studies of urban streets.

2.1 Human-Robot Encounters in Public

HRI researchers have repeatedly called for studies in the ‘real world’
[36, 72]. In public settings robots meet primary users, who may often
be customers [46, 83, 84]. In addition, they may encounter passers-
by [15, 90, 91], bystanders [3, 13, 30] (people who are “co-existing
in the same environment as the robot” [75, p. 9]), or incidentally
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copresent persons (InCoPs) [1, 51] (people who simply “happen to
be there” [69, p. 656]).

Studies on HRI in public describe two types of behaviours of
such users: supportive actions towards robots [15, 91], or conflicts
with and abuse of robots [3, 12, 56]. Both categories entail people in
focused interaction, closely scrutinising or paying attention to the
robot, while some studies also examine how passers-by transition
into primary users [24]. In turn, design for co-present interaction
with robots in public typically focuses external human-machine
interfaces that involve sound, light and movement [45, 53].

Delivery robots specifically have received increased attention in
recent work, with studies mapping how potential customers [46]
and ‘InCoPs’ [1] perceive the robots. These describe examples of
how non-primary users help the robot by moving obstacles out of
the way, pushing robots along, but also how they may block robots’
paths [15, 90]. Responding to this, design-oriented work explores
how delivery robots might communicate ‘intent’ [99]. However,
other studies touch on more subtle interactions, noticing fewer
conflicts than anticipated [89] and that pedestrians and cyclists
often alter their trajectories to avoid collisions [21]. It is this vein of
HRI research that we will explore and contribute to with this study.

2.2 HCI and Public Interaction

Although studies in public are relatively new for HRI, we note a
significant tradition of research on interactive systems in public
within HCI. This spans deployments and studies of technology use
for a wide variety of situations and settings, from large interactive
displays in urban environments [55, 57], video chat [64] and use
of interactive wearables [54] in public, mixed reality performances
[17] and live video streaming from city streets [68], location-based
gaming [58], to social autonomous driving [11].

Informed by such studies, HCI has also developed conceptual
apparatuses for thinking about design for interactions in public,
from performance-led research approaches [7], to design considera-
tion of bystanders and spectators on public interactions [66, 67, 96]
and the fluidity of divisions between spectator and participant [87],
designing for the social framing of public interactions [6], as well as
frameworks for designing implicit and explicit forms of interaction
[35] that grew out of video interaction analysis, HCI, and ubiqui-
tous computing. We point to this research in HCI as it offers HRI an
existing conceptual landscape and language for describing public
interactions with technology (e.g., bystanders, spectators, ‘witting’
vs ‘unwitting’ and ‘implicit’ interactions, etc.). While the concept
of implicit interaction is already applied by some HRI researchers
[2, 40, 82], HRT’s interest in public robots could have much more to
synthesise with HCI’s long-standing interests in public interactions.

2.3 Studies of the Street

Finally, we highlight studies of the street as a site of socially organ-
ised human action. Interaction-oriented descriptions of behaviour
in public often stem from Goffman’s work, identifying phenom-
ena like “civil inattention” in maintaining social order in public
[22]. Relatedly, ethnomethodological and conversation analytic
(EMCA) studies have substantially addressed public settings and
their jointly achieved social organisation, the stability of which is
easily breached [47]. For instance, De Stefani and Mondada [79]
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detail different embodied methods that approaching acquaintances
and strangers on the street entails. Such work demonstrates the
type of fine coordination that is happening on urban streets and
roads—the same places in which delivery robots are to be deployed.
Members of the street do not only rely on explicit means such as
indicators [9] and horns [38] to show where they are going, but
they also mutually adjust their movement e.g., when overtaking
[14]. Similar methods then are leveraged by people in encounters
with autonomous vehicles e.g., shuttle buses [50, 59].

Visual aspects are central to this street order. Sacks [73] de-
scribes how police officers’ visual assessments of a street scene’s
appearances can arrange a scene into one of criminality. Relatedly,
Hester and Francis [27] discuss the ways the visual availability of
categorical order on the street (e.g., turning car, slow pedestrian,
etc.) forms and supports organised social action such as in passing
others on the street. Forms of mobility also transform the phenom-
enal experience of urban environments, hence runners apprehend
a ‘different’ street of both possibilities and dangers as they tra-
verse urban scenes [78], while e-scooter riders present challenges
to established categories of mobility (car, bicycle, pedestrian) [85].

In sum, our study aims to furnish HRI with a greater empirical
grasp of the often subtle and foundationally mundane aspects of
interaction with and around delivery robots in public. While it is
tempting to focus on the ‘highlights’ and ‘lowlights’ such as people
helping or hindering robots in public, most of the time far less
obvious interactions are actually happening. Understanding this
will be crucial for encouraging a close critical reading of existing
systems as well as encouraging more expansive forms of design,
particularly in urban spaces where theories and methods developed
for lab studies may not apply.

3 STUDYING DELIVERY ROBOTS IN PUBLIC

The delivery robots we followed in our field study are run by Star-
ship Technologies, which has deployed services across the United
States, UK and Estonia. Similar services and robots are deployed by
other companies such as Amazon Scout or Postmates Serve.

3.1 Starship Delivery Robots

Starship’s delivery robot (see Fig. 1) is a six-wheeled, knee-height
rectanguloid vehicle of ~35kg, equipped with various sensors (ultra-
sonic, cameras, GPS, etc.) for autonomous navigation. The robot’s
wheel pairs can be moved separately, helping it to move over curbs.
The robot has an orange blinking flag, red rear indicators and white
front lights, and a lid that can be opened to reveal its cargo box. The
service is accessed via mobile phone apps which provide a front-end
to customers and participating vendors. The robots pick up goods
from partnered vendor stores (mostly supermarkets and cafés) and
deliver to a customer-selected location within a geo-fenced, mapped
area (see Fig. 2, left).

3.2 Taking an EMCA Approach

Our approach to studying delivery robots in public is informed
by ethnomethodology (EM), which focuses on understanding the
ways in which social order is produced by the concerted activities
of members of a setting [18, 19]. An EM approach would argue that
on the street, people, as members of the scene, work to produce
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specific orderly activities—queuing [43], crossing a road [48], or
stopping to greet a passing friend [79]—whilst simultaneously en-
suring those activities are also recognisable for other members of
the scene. This intertwined aspect of actions and their accounts is
crucial to members (of the street) establishing intersubjectivity or
mutual understanding. As demonstrated perhaps most extensively
by EM’s related field, conversation analysis (CA), such actions are
sequentially organised, whether it is through turns-at-talk [74] or
turns at using a physical space [32, 37]. EM and CA—EMCA—are
preoccupied with describing how that order comes about, from the
perspective of members at the scene who are embroiled in its (ongo-
ing co-)production. It is into this complex socially organised milieu
that novel technologies—whether cars, scooters, or delivery robots—
are deployed. They must be ‘made at home’ amidst the minutely
organised practical workings of the street’s members.

We have two further points to make. Firstly, EMCA-informed re-
search adopts a particular perspective on ‘generalisability’. Actions
are routinely produced on the street, and the competencies involved
in their production are themselves naturally ‘generalisable’. People
do not constantly have to invent new methods for talking or mov-
ing their bodies; and when novel circumstances arise, they tend to
reuse and adapt existing methods to fit. Secondly, research adopt-
ing an EMCA has a long history within HCI (e.g., [11, 26, 63, 65])
while approaches influenced by EM in particular have been applied
previously to study robots [86]. Thus, we build upon this while
bolstering an emerging strand of EMCA work in HRI [20, 60, 70].

3.3 Data Collection and Analysis

EMCA research sometimes uses ethnography (e.g., participant-
observation) to develop investigators’ own competencies in ad-
equately making sense of sites of investigation. It also may use
audiovisual recordings to act as an “aid to the sluggish imagination”
[18, p. 38]—i.e., as a material for capturing and being able to revisit
the organisation of social life (and also exhibit its features to other
researchers). The video recordings capture events that cannot be
easily recollected or imagined and enable repeated viewing, but
they never capture the totality of the scene—they are shaped by
the researchers’ ethnographic skills [52, 62]. While interaction ana-
lytic observations can be made based on relatively little data and
experience [33], a detailed EMCA study as presented here is time
intensive and requires thorough training.

In our research we did both field observations and video record-
ings. Reeves and Cantarutti spent three days between August 2022
and March 2023 capturing ~12 hours of video collectively from
the streets of Milton Keynes and Northampton, both in the United
Kingdom. In addition, further fieldnotes and sense-checking of
UK observed phenomena were made by Pelikan during a week’s
fieldwork in Tallinn, Estonia, enabling researcher triangulation.

During fieldwork in the UK we captured simultaneous recordings
from a mobile phone and a GoPro, giving us both focused and wide
shots of the action. Capture involved two main strategies: 1) us as
researchers creating our own orders and ‘shadowing’ robots from
the start of their journey to the end (i.e., order receipt), sometimes
followed by a return to a robot ‘hub’ (i.e., locations in which idle
delivery robots sit); and 2) opportunistically following robots which
were either en route to customer orders or returning to a hub. Our
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capture process also afforded two key elements: firstly, by having to
follow the robots we gained insight into their particular machinic
patterns of mobility (e.g., speed, ways of stopping, turning, etc.);
and secondly, enabling us to capture an ongoing in situ informal
‘commentary’ between us as researchers, rendering some difficult-
to-capture on-street occurrences more comprehensible.

For each day of fieldwork and video capture, we collected field
notes. This was important to contextualise, enrich and extend au-
diovisual capture (not everything socially apparent on the street
is easily captured). We synchronised, composited and catalogued
our recordings, and annotated and partially transcribed them in
ELAN [95]. Following common practice in EMCA research [25], we
inductively built collections of similar clips, nuancing and refining
the phenomena involving delivery robots and members of the street
through joint discussion and by identifying ‘illustrative’ fragments.
We discussed selected video clips from these collections within our
group and with other researchers in data sessions [25, 81].

3.4 Ethics

Our study was approved by the University of Nottingham, School
of Computer Science ethics committee (#CS-202-R58). We carried
information sheets and identification should we be queried by any-
one during fieldwork. Although there is no expectation of privacy
in the UK when in public, we adhered to a number of principles
during data collection. The locus of our capture was the robots
and we avoided recording people unnecessarily. We also avoided
children in particular, although sometimes they were visible at a
distance or in passing. We also ceased capture when following a
robot arriving at its destination and delivering to a customer.

4 THE DELIVERY OF GOODS VIA ROBOT

As a way of tutorialising our approach, and by way of beginning,
here we describe the most prominent, obvious, visible, gross fea-
tures of a typical robot delivery as it appears ‘on the street’, i.e.,
its publicly witnessable features. We sketch these features as three
key stages once an order has been made (since ordering happens
as a largely ‘private’ event on a customer’s phone and is therefore
not generally accountable to ‘the street’). We present a simple data
fragment describing the main contours of a delivery as collected via
our video recordings (all videos are in the supplementary material).

4.1 Loading and Receiving the Order

Fulfilling the order, the vendor first locates the specific robot—in
this case it was the only one present outside a café that we ordered
some coffee from (see Fig. 1). They unlock the robot’s lid, placing the
order in the loading box, and arrange the contents appropriately—in
this case liquids needed to be held upright. The vendor shuts the
lid, steps away and indicates in the app that the order is ready to go.
Subsequently, the robot begins turning and starts its journey to the
order destination we specified. The public availability of delivery
robot loading work is important here, as a visible extension of the
vendor’s work at the café; the vendor is ‘working on’ the robot as
part of their shop practice.

Later, as the robot reaches its destination, customers have to be in
the delivery location, i.e., that which robot mapping has determined
as the point of delivery; see Fig. 2. This is always a public spot either
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Figure 1: Loading the robot (Costa Coffee [00:00:00-00:00:36])

in the middle of the pavement or a public court of houses. Once the
robot has identifiably stopped (coupled with an in-app indication
of the destination being met (Fig. 2.1), we need to unlock via the
app (with audible unlocking sound to follow), open the lid (Fig.
2.2), remove the contents (Fig. 2.3), shut the lid and indicate we
have retrieved our order (Fig. 2.4). Subsequently, the lid is audibly
locked again and after a short period of time the robot moves off.
Once again, the public availability of this sequence of actions with
the machine is clear—interaction in this way immediately marks
one out—to ‘any’ observer who has even a passing familiarity with
delivery robots as a customer receiving goods.

Figure 2: Left: Ordering in the customer app; right, 1-4: re-
ceiving the order (Costa Coffee [00:14:05-00:15:52])

4.2 Doing the Delivery

The delivery itself involves the robot passing through streets and
over road crossings. During parts of the journey the robot will be
alone in the spaces it passes through, moving fast, above walking
speed. At other times, direct encounters between people on the
streets and roads occur. Members of the street sometimes playfully
oriented towards the robots such as waving and saying “oi” as
a robot passed. Other times passers-by assisted robots such as
interrupting their own journey to press a button on a pedestrian
crossing a robot was attempting to cross (see Fig. 3).

We also observed moments when members of the street got
involved physically with the robots, either in a more aggressive way
such as grabbing the antenna as they passed by, or more playfully
such as young children obstructing the path while exploring the
‘strange’ objects on the street (see Fig. 4).
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Figure 3: A person pressing the traffic light for the robot
(Barry Road [00:05:21-00:08:42])

Figure 4: A: Pedestrian grabs the antenna and pulls it (Kingsley
Park [00:04:11-00:04:21]). B: Children block the robots’ way as
they inspect them excitedly (Leaving Coop [00:02:45-00:06:00]).

5 AUTONOMOUS DELIVERY: AN
UNREMARKABLE ACCOMPLISHMENT OF
THE STREET

In the previous section we presented some of the more frequently-
noted features of interactions with delivery robots. But our field-
work and video data suggests instead that such ‘obvious’ explicit
interactions represent only a small portion of what is actually hap-
pening on the street. Firstly, the ‘streetscape’ is itself a more complex
physical environment than is often described, and critically that
physical complexity is formed by its status as a site of human social
life. Secondly, in fieldwork and reflected by our data, delivery robots
themselves were rarely attended to; in a sense they are treated as
thoroughly unremarkable or even ‘invisible’. It is this complexity
and unremarkability which we will now unpack. Ultimately, we
reveal how autonomous delivery is not just an accomplishment of
robots, their designers, and the control room managing them but
really also of the street itself and its members.

5.1 Robot Encounters with the Streetscape

The streets that the robots are in a sense ‘invading’ are living,
working places. The streetscape as an environment is of course
not lab space nor an empty space—instead we find it has many
categories of objects which robots encounter and must negotiate
to achieve a successful delivery. By ‘streetscape’ we thus mean
‘the street as we find it™: a space of practical contingencies that
simultaneously emerge from everyday human (social) activities
and gain their meaning and sense from those same activities. For
instance, in the UK, a series of wheelie bins present on a street (see
Fig. 5.A) would suggest that their contents either are about to or
have just been collected, i.e., that it is ‘bin day’. On the other hand,
a lone bin might offer a categorical implication that bin day has
already been, and an occupant of an proximate, implicated house
has not been home since collection. Such categories are readily
available to ‘any’ competent member of that particular community.
Their situation speaks out to us of the street’s social world.
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Many phenomena of the streetscape are already anticipated and
mapped by delivery robot designers, such as road crossings, pave-
ments (sidewalks) and lamp posts. But much of the streetscape to be
navigated remains unmapped. Our data shows how components of
the streetscape index—or point to—a particular pattern of different
dureés and on-street ‘behaviours’, whether a weekly somewhat
jumbled appearance and removal (bins), or perhaps instead being
in place for potentially months at a time (scaffolding, see Fig. 5.B)
albeit see-ably temporary whilst also physically very much immov-
able. These pose potential problems for robots; e.g., the scaffolding
caused a 1 minute stop for the robot, while the bins caused repeated
stationary periods of 30 to over 60 seconds.

Figure 5: Robot encountering road infrastructure. A: Bin Day.
B: Scaffolding. C: Temporarily deposited construction waste.

In contrast, other phenomena of the streetscape may appear at
first glance to be more unpredictable; they could appear and disap-
pear at any time for a given location. This category includes parked
scooters, parked cars, or construction waste temporarily deposited
on the street (Fig. 5.C). In reality, of course, there will always be
local reasons at play so they are neither entirely ‘unpredictable’ nor
‘unreasonable’. We also note a further subtlety to all streetscape
phenomena which is that they frequently implicate people on the
street in different ways: a parked car suggests an owner, whereas a
hireable e-scooter will not (i.e. we find ‘possessitives’ (owned) and
‘possessables’ (ownable) [19, p. 182]). This has implications for how,
when and whether that object will move and where it will go.

We have selected here just a few moments from our data col-
lection that begin to highlight some of the different categorical
implications that on-street objects have—in that sense they are not
simply ‘obstacles’ but also situationally meaningful objects, traces
of human presence, with different temporalities, permanence, own-
ership, and so on, all of which index their socially-produced role.

5.2 The Street as a Workplace

We just saw how robots encounter a wide range of streetscape
phenomena as a routine matter of delivery. We also pointed out
how the circumstances of the many different categories of objects
on the street was itself a product of the everyday (social) life of
the street. But how do streets gain their coherence and sense from
the praxeological ‘work’ done by people who dwell there or pass
through it? And how do delivery robots come to be embedded by
members amidst the street’s ongoing scenes?

While vendors work on the street to load delivery robots as part
of their service, presenting a readily apprehensible visual account
of their relation to robot delivery, for many others whose workplace
is the street itself, delivery robots are merely passing through their
workplace. Such workers are treated by robots in a similar way to
other objects on the streetscape. However, this is only half the story.
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Our data shows that considerable interactional work is done by
other service workers, construction workers, etc. to actually embed
robots into the organisation of street space.

First we consider temporary zones of activity which can be cre-
ated via work being done on buildings that line the streets. Passing
through may not be possible without some kind of negotiation or
rerouting (e.g., stepping off the pavement momentarily, asking to
get past, or perhaps a worker anticipating the passing). For delivery
robots, there is little possibility of either, but we found people on the
street were sensitive to this. In one instance a window cleaner spots
an approaching robot (Fig. 6.1), suspends their work and creates a
space for a passing as the robot gets closer (Fig. 6.2). But the robot
does not speed up (as a competent member of the street would
likely do when passing by someone), but instead seems to slow
down, maybe due to the narrowed pathway. The window cleaner
says “come on, then” possibly to share a moment with the filming
researcher. They then say “hurry up” and give the robot a little kick,
as if rushing the robot to move along (Fig. 6.3).

Figure 6: A window cleaner makes space for the robot. (Ed-
mund Street [00:48:33 - 00:49:42])

This foot tap is interesting because it offers a physical account to
us as observers about the need for accommodation work here as well.
It also suggests various unfulfilled anticipations of passing ‘ability’
of the robot that were made by the cleaner during its approach.

In contrast with the example in Fig. 6, portions of the street may
be more permanently implicated as ‘work sites’. Various businesses
lining urban streets may entail a zone of interactional relevance
out into the street, for instance a café that provides some seating
on the street itself.

In Fig. 7 we show an example of a worker who is delivering food
to a restaurant and temporarily places some cones to protect their
workspace. The restaurant worker accommodates the approaching
delivery robot by repositioning their trolley and delays placing
a traffic cone until after the robot has passed. The worker is just
placing a red cone in front of an open basement door when the
robot is approaching (Fig. 7.1). A colleague seems to be passing
a second cone via a hatch in the ground (see Fig. 7.2-3,6). As the
robot moves closer, the worker looks at the robot and pulls back
the trolley (Fig. 7.2). The robot first stops and then turns right,
and the worker continues to gaze at it, adjusting his position (Fig.
7.3). As the robot starts rolling forward in a rightward direction,
the worker pulls the trolley closer inwards, yielding more space
on the pavement (Fig. 7.4). The robot first makes a brief leftward
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Figure 7: 1-5: A restaurant worker accommodates the robot; 5-6: A passing pedestrian rerouting to avoid the robot (Edmund

Street [00:30:00-00:30:11])

movement before finally making a larger right turn. As the robot
is starting to make its way towards the trolley, the worker further
adjusts and pulls the front part inwards (Fig. 7.5). When the robot
has moved enough to pass, the worker returns to the cones but
turns their gaze back to the robot, monitoring how it moves past the
trolley (Fig. 7.6). During this 10 second sequence we also note that
passing pedestrians visible in Fig. 7.1,5&6 design their movement
to carefully avoid the robot and its anticipated trajectories.

This single example illustrates what we found across our data:
that robots are not somehow alone in performing ‘work’ on the
road doing deliveries, but that the street is already home to more
or less transient ‘work sites’—sites that are there for ‘anyone’ to
see but which robots blithely invade. Workers in these zones then
have to manage the fixity of their own space against robot mobility
in subtle ways, often ‘creating space’ for delivery robots to pass
through successfully.

5.3 The Street as a Place of Passing-Through

In contrast with the ways streets can be formed as workplaces, many
people present on the street are just passing through, like those we
noted also in Fig. 7. Their mobility increases the complexity of how
members of the street manage the machinic mobility of the robots.

We often saw pedestrians enacting very subtle, fleeting, but fluid
changes to their embodied ways of traversing the street to some-
how accommodate robot behaviour. Consider Fig. 8.A, in which a
pair of pedestrians walking abreast change their trajectory as they
approach the robot (A1), lining up behind one another (A2), moving
to the outer edge by the pavement kerb and squeezing past a lamp-
post (A3) as the robot passes. In Fig. 8.B, a pedestrian—hemmed in
between the robot and a lamppost—twists their body sideways and
lifts their bag to maintain distance from the robot and post.

While such accommodations are rarely accompanied with fan-
fare or comment, we also found moments in our video data where
anticipation and accommodation of delivery robot mobility became
problematic for members of the street. In Fig. 9 a person almost
bumps into the robot when it brakes abruptly. The pedestrian is

Figure 8: People squeezing past lamp poles to make space
for the robot (A: Barry Road [00:25:10-00:25:17]), B: Edmund Street
[00:29:46-00:30:20])

walking behind the robot, adjusting their speed dynamically (Fig.
9.1). When driving over floor markings the robot suddenly stops
(see the back wheels in the air from sudden impact in Fig. 9.2). The
pedestrian stops rapidly, holding balance with their left arm out
(Fig. 9.3). As the robot starts moving again, the pedestrian walks
on the left side, as if to overtake this way (Fig. 9.4). Only when the
robot stops again at a crossing, the pedestrian finally moves away
from it, walking away towards the right (Fig. 9.5).

We found (and experienced ourselves) many such instances dur-
ing our fieldwork. This exemplifies the ways in which robot mobility
can be illegible [16, 77] to members of the street, unaccountable to
the situation (there was no street-readable obstruction here), and
therefore difficult to anticipate. This illegibility of robot mobility
demonstrates potential dangers to members of the street, with the
robot itself turning into an obstacle, ironically—it turns out—as part
of its own obstacle avoidance routines.

Overall we want to highlight the wide range of routine accommo-
dations performed by members of the street who effectively have
to ‘grant passage’ to robots. These range from the very explicit
to the very subtle. We have seen how people change their forma-
tion to make space for a robot, or adjust their speed and anticipate
its trajectories. Members of the street draw on various methods
from existing street practices (e.g., of mobility) to deal with robot
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Figure 9: A pedestrian almost tripping when the robot stops abruptly (Edmund Street [00:32:23-00:32-36])

behaviour as they pass by, follow behind, and so on. In doing so,
pedestrians surface various design assumptions about legibility
and mobility which such robot systems and infrastructures are
constructed from.

6 DISCUSSION

In Section 4, we distinguished three key stages of delivery. Our ob-
servations on loading and receiving the order mirror prior work. On
the surface, delivery robots offer a service that involves customers
and vendors as main users [46]. Our capture included notable en-
counters with non-primary users that echo existing HRI studies on
robots in public, whether it is helping [15, 90, 91] or abusing robots
[3, 12, 56]. Perhaps understandably, media reports tend to focus on
such salient interactions e.g., a robot being ‘rescued’ while stuck in
snow [5] (see also [15]).

And yet, a more complex picture emerged in Section 5.1 when
we considered how the streetscape presents an often unmapped
and frequently changing socially meaningful landscape of objects
that robots encounter when passing through. Rather than treating
objects as mere ‘obstacles’, we argue that we need to appreciate
how objects are enmeshed with the social life of the street. Focusing
on ‘implicit’ interactions with robots [34], we then extended our
analysis to focus on the largely overlooked but hugely significant
way in which members of the street typically worked to enable
the robot’s successful passing through this streetscape. Our work
highlights that the streetscape is an inhabited, lived-in space, that
members of the street work in (Section 5.2) and pass through (Sec-
tion 5.3) everyday. While this could be seen as the unremarkable
‘negative space’ between the headline grabbing encounters that
HRI has tended to focus on for delivery robots, it is nevertheless
critical—perhaps even more central than moments of assistance or
robot abuse, important though they may be—for better understand-
ing what happens when we ‘go public’ with autonomous robots in
public spaces.

To this end, we suggest three sensitising questions that researchers
and designers of HRI in public can take away from this work: 1.
Who is the ‘user’?; 2. What are ‘users’ doing?; and 3. How
might we study human-robot interaction in public?

6.1 Members of the Street as ‘Users’

Customers and vendors interact with the robot through their smart-
phones. For the delivery service user, the robot is then mostly absent,
manifest only within the app until arrival. In contrast, Section 5
showed how members of the street typically come across the robot
without this mediation; instead they are left to make sense of the
robot from its machinic behaviours alone. Thus in many cases de-
signers’ imagined users are likely not those actually spending the
majority of time with robots. Focus on the ‘primary’ user—the cus-
tomer ordering the delivery robot—and even a ‘secondary’ user like
the vendor—packing and sending the robot on its way—would miss
the myriad fleeting moments of subtle ‘negotiation’ our data cap-
tures and which are essential for delivery success: between robots
and people working on the street, between robots and shoppers,
between robots and drivers, and so on. But this leads us to ask, in
these circumstances, who is ‘the user’?

The EM notion of membership and correspondingly people as
members of the street offers a possible conceptual shift for thinking
about HRI in public that better accounts for the sheer dynamism
of public interaction. Thinking about people not as individuals in-
teracting but rather as members of complex, layered and unfolding
circumstances and groups, with different competencies and norma-
tive orientations, acts as a constant reminder of the primacy of the
social circumstances robots are placed in. For instance, competent
members of the street will immediately see not only that a person
is a window cleaner (Section 5.2) but crucially they will also see
the concomitant social implications of this, walking around their
work site. Similarly a pedestrian walking-alone will be competent
in seeing a group walking-together and (in most cases) reliably
yield space to them [71].

The implication of this view is a caution against becoming too
formal about terms like bystander or passerby, which do not capture
this kind of fluid dynamic of membership. The term “incidentally
co-present” seems more neutral, but we would go further and argue
that the activities of members of the street are only “incidental” from
the perspective of the robot’s designer(s). Members of the street all
have their own ‘projects’, whether it is shopping with friends or
restocking goods for a restaurant. Working with the concept of the
member enriches existing approaches beyond assigning static ‘roles’
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to people [88] or treating them as ‘incidental’ obstacles. We want to
encourage HRI scholars to ask ‘who lives and works in the spaces
that robots enter?” Membership categories that humans orient to
(e.g. tourist, resident, window cleaner, shop worker) could provide
conceptual apparatus for HRI researchers in seeing how people
in public present and analyse one another in these categorical,
membership-oriented terms and adapt their behaviour accordingly.
This enables HRI researchers to ‘see more’ when making studies
of public HRI, be it video-ethnographic studies or more ‘loose’
observations. In line with [39], we would like to underscore that for
HRI in public, it is particularly important that designers look at the
actual people who are there and their actions, not only abstract user
personas. The reconsideration we propose goes beyond existing
approaches to further interrogate the notion of the ‘user’ (see [4]).

6.2 Accommodation Work

Going beyond our deconstruction of ‘the user’, we now ask: what
is it that people are doing on the street? Section 5 exhibited
what we think is a much more vast space of human action that
could be glossed as ‘accommodation work’—i.e., the mundane work
people do ‘for’ delivery robots. This point resonates with recent
discussions on human care of robots [23, 42, 97], and enriches prior
observations of the ways robots in public “reshape municipal in-
frastructures” and in doing so can cause access issues [8]. Our study
adds to this discussion by revealing a large class of social practices
that emerge from robot deployments in public, encompassing the
work that service workers do on the street, and how any pedestrian
may interact with the robot.

This raises questions about who gets to ‘participate’ in design,
which our study also feeds into. In the extreme, forgotten people
and their practices of accommodation have led to protests and direct
action against robots in public, such as robotaxis in San Francisco
[76]. Accordingly, recent work in HRI has called for closer scrutiny
of power imbalances when designing robots, suggesting adoption
of participatory approaches [93, 94]. We pointed out in the previous
section that those who mainly encounter a robot may not be its
designer’s intended ‘users’. Equally, practices of accommodation
work that is done by them likely passes unnoticed. More diverse
representation at the earliest of design stages is vital, but this could
be further enhanced with a grounding in accommodation practices
—those that mainly pass unnoticed—by those members of the street
who are not the designer’s intended ‘users’. Simple video dispatches
(see our supplemental material) of these practices from the street
could offer instructive, reflective materials for participatory design
processes.

Finally we note that accommodation does not imply acceptance.
Accommodation instead suggests a reciprocity between accommoda-
tor and accommodatee. Robot designers are in the challenging posi-
tion of designing for their systems to deliver that basic reciprocity.

6.3 How Can We Study HRI in Public?

Our study of robots in public demonstrated how important it can
be to focus on moment-by-moment, sequentially organised action
in making sense of concrete, situated interactions [72, 92]. Studying
HRI out in the world with video reveals how implicit [35], mundane
interactions can yield a myriad of observations which support
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this view. Pushing the robot on by kicking it a bit as in Fig. 6
might appear initially as robot ‘abuse’. But when looking at how it
evolves on a moment-by-moment basis we can see how the window
cleaner is first pausing their own activity, then stepping to the side
before ultimately giving the slow-moving a robot a little push. This
raises questions of when an interaction with a robot truly ‘starts’
[70]: should only explicit encounters like helping and blocking be
considered, or does interaction begin already with adjusting one’s
trajectory? What is the unit of analysis when we study public HRI?

More studies that look at how fine-grained interactions evolve
will be needed. We hope that our work can inform how such an
approach could look like, highlighting how HRI can learn from
other perspectives and fields including EMCA and HCI. Although
translating such findings to design can be fraught [29], video ex-
tracts and transcripts could provide intermediate-level knowledge
for designers [31, 44]—specific enough for practical problems, but
general enough to stand in for a whole class of activities.

6.4 Limitations and Future Work

Our study was limited by not capturing the operators’ perspective
i.e., those monitoring fleets of robots from afar. Nor did we inves-
tigate the work of robot wranglers [80], supporting robots (e.g.,
charging them, repairing them, etc.). It is critical in future that this
is investigated to unpack how autonomous delivery robots achieve
their apparent ‘autonomy’ as a concerted effort of both extensive
behind-the-scenes work, and those of people on the street. We have
also not had space to discuss how the researcher themselves are
part of street phenomena. We selected video where such matters
were less relevant to the situation, but this is still an ever present
concern. Finally, we only examined a limited subset of street envi-
ronments delivery robots are deployed in. Different cities or towns
elsewhere in the UK, or further afield will present specific sets of
localised practices for further investigation.

7 CONCLUSION

Our video-ethnographic field study of delivery robots in the UK
(supported by observations in Estonia) has three main takeaways.
Firstly, we have to pay more attention to the implicit interactions
that happen in public HRI. Robots in such spaces are grounded in
the social, interactional relevance of members of the street. Sec-
ondly, the social world of those “incidentally co-present” persons
is not incidental. People are working on their own interactional
projects which happen to intersect with others on the street. Ul-
timately, robots are being sent into these complex interlocking
lifeworlds, where people are performing labour, hurrying to work
or simply present for leisure. Thirdly, we think there is great value
in capturing and examining mundane, everyday circumstances
of robot deployments in the ‘real world’. Accordingly, although
ethnographic, video-based studies are still less common in HRI, we
encourage their adoption as one way to methodologically approach
such phenomena.

ACKNOWLEDGMENTS

This work was supported by the Engineering and Physical Sciences
Research Council [grant number EP/T022493/1] and the Wallenberg
WASP-HS program [MMW 2020.0086].



Encountering Autonomous Robots on Public Streets

REFERENCES

[1] Anna M. H. Abrams, Pia S. C. Dautzenberg, Carla Jakobowsky, Stefan Ladwig,

8

[9

[10

[11

[12

[13

[14

(15

[16

(17

[

=

=

]

]

]

]

]

]

and Astrid M. Rosenthal-von Der Piitten. 2021. A Theoretical and Empirical
Reflection on Technology Acceptance Models for Autonomous Delivery Robots.
In Proceedings of the 2021 ACM/IEEE International Conference on Human-Robot
Interaction. ACM, Boulder CO USA, 272-280. https://doi.org/10.1145/3434073.
3444662

Patricia Alves-Oliveira, Patricia Arriaga, Matthew A. Cronin, and Ana Paiva.
2020. Creativity Encounters Between Children and Robots. In Proceedings of
the 2020 ACM/IEEE International Conference on Human-Robot Interaction. ACM,
Cambridge United Kingdom, 379-388. https://doi.org/10.1145/3319502.3374817
Franziska Babel, Johannes Kraus, and Martin Baumann. 2022. Findings From A
Qualitative Field Study with An Autonomous Robot in Public: Exploration of
User Reactions and Conflicts. International Journal of Social Robotics 14, 7 (Sept.
2022), 1625-1655. https://doi.org/10.1007/s12369-022-00894-x

Eric P. S. Baumer and Jed R. Brubaker. 2017. Post-Userism. In Proceedings of the
2017 CHI Conference on Human Factors in Computing Systems (Denver, Colorado,
USA) (CHI ’17). Association for Computing Machinery, New York, NY, USA,
6291-6303. https://doi.org/10.1145/3025453.3025740

BBC. 2022-12-16. Cambridge delivery robot grateful for snow rescue. BBC
News (2022-12-16). https://www.bbc.co.uk/news/uk-england-cambridgeshire-
63997868

Steve Benford, Andy Crabtree, Stuart Reeves, Jennifer Sheridan, Alan Dix, Martin
Flintham, and Adam Drozd. 2006. The Frame of the Game: Blurring the Boundary
between Fiction and Reality in Mobile Experiences. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems (Montréal, Québec, Canada)
(CHI ’06). Association for Computing Machinery, New York, NY, USA, 427-436.
https://doi.org/10.1145/1124772.1124836

Steve Benford, Chris Greenhalgh, Andy Crabtree, Martin Flintham, Brendan
Walker, Joe Marshall, Boriana Koleva, Stefan Rennick Egglestone, Gabriella Gian-
nachi, Matt Adams, Nick Tandavanitj, and Ju Row Farr. 2013. Performance-Led
Research in the Wild. ACM Trans. Comput.-Hum. Interact. 20, 3, Article 14 (jul
2013), 22 pages. https://doi.org/10.1145/2491500.2491502

Cynthia Bennett, Emily Ackerman, Bonnie Fan, Jeffrey Bigham, Patrick Carring-
ton, and Sarah Fox. 2021. Accessibility and The Crowded Sidewalk: Micromobil-
ity’s Impact on Public Space. In Proceedings of the 2021 ACM Designing Interactive
Systems Conference (Virtual Event, USA) (DIS °21). Association for Computing Ma-
chinery, New York, NY, USA, 365-380. https://doi.org/10.1145/3461778.3462065
Mathias Broth, Jakob Cromdal, and Lena Levin. 2018. Showing where you're
going. Instructing the accountable use of the indicator in live traffic. International
Journal of Applied Linguistics 28, 2 (2018), 248-264. https://doi.org/10.1111/ijal.
12194

Barry Brown, Mathias Broth, and Erik Vinkhuyzen. 2023. The Halting Problem:
Video Analysis of Self-Driving Cars in Traffic. In Proceedings of the 2023 CHI
Conference on Human Factors in Computing Systems (Hamburg, Germany) (CHI
’23). Association for Computing Machinery, New York, NY, USA, Article 12,
14 pages. https://doi.org/10.1145/3544548.3581045

Barry Brown and Eric Laurier. 2017. The Trouble with Autopilots: Assisted
and Autonomous Driving on the Social Road. In Proceedings of the 2017 CHI
Conference on Human Factors in Computing Systems (Denver, Colorado, USA)
(CHI ’17). Association for Computing Machinery, New York, NY, USA, 416-429.
https://doi.org/10.1145/3025453.3025462

Drazen Brs¢i¢, Hiroyuki Kidokoro, Yoshitaka Suehiro, and Takayuki Kanda. 2015.
Escaping from Children’s Abuse of Social Robots. In Proceedings of the Tenth
Annual ACM/IEEE International Conference on Human-Robot Interaction (Portland,
Oregon, USA) (HRI ’15). Association for Computing Machinery, New York, NY,
USA, 59-66. https://doi.org/10.1145/2696454.2696468

Fanjun Bu, Ilan Mandel, Wen-Ying Lee, and Wendy Ju. 2023. Trash Barrel Robots
in the City. In Companion of the 2023 ACM/IEEE International Conference on
Human-Robot Interaction. ACM, Stockholm Sweden, 875-877. https://doi.org/10.
1145/3568294.3580206

Arnulf Deppermann, Eric Laurier, Lorenza Mondada, Mathias Broth, Jakob Crom-
dal, Elwys De Stefani, Pentti Haddington, Lena Levin, Maurice Nevile, and Mirka
Rauniomaa. 2018. Overtaking as an interactional achievement: video analyses of
participants’ practices in traffic. Gesprdachsforschung 19 (2018), 1-131.

Anna Dobrosovestnova, Isabel Schwaninger, and Astrid Weiss. 2022. With a Little
Help of Humans. An Exploratory Study of Delivery Robots Stuck in Snow. In
2022 31st IEEE International Conference on Robot and Human Interactive Commu-
nication (RO-MAN). IEEE, Napoli, Italy, 1023-1029. https://doi.org/10.1109/RO-
MANS53752.2022.9900588

Anca D. Dragan, Kenton CT. Lee, and Siddhartha S. Srinivasa. 2013. Legibility
and predictability of robot motion. In 2013 8th ACM/IEEE International Conference
on Human-Robot Interaction (HRI). IEEE, Tokyo, Japan, 301-308. https://doi.org/
10.1109/HRI.2013.6483603

Martin Flintham, Steve Benford, Rob Anastasi, Terry Hemmings, Andy Crabtree,
Chris Greenhalgh, Nick Tandavanitj, Matt Adams, and Ju Row-Farr. 2003. Where

On-Line Meets on the Streets: Experiences with Mobile Mixed Reality Games. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (Ft.

[18

[19

[20

&
=)

[27

[28

[29

(30]

[31

[32

®
&

[34

[35

[36

[37

[39

[40

HRI 24, March 11-14, 2024, Boulder, CO, USA

Lauderdale, Florida, USA) (CHI "03). Association for Computing Machinery, New
York, NY, USA, 569-576. https://doi.org/10.1145/642611.642710

Harold Garfinkel. 1967. Studies in Ethnomethodology. Prentice-Hall, Englewood
Cliffs NJ.

Harold Garfinkel. 2002. Ethnomethodology’s program: working out Durkeim’s
aphorism. Rowman & Littlefield Publishers, Lanham.

Raphaela Gehle, Karola Pitsch, Timo Dankert, and Sebastian Wrede. 2017. How to
Open an Interaction Between Robot and Museum Visitor? Strategies to Establish
a Focused Encounter in HRI In Proceedings of the 2017 ACM/IEEE International
Conference on Human-Robot Interaction (HRI ’17). Association for Computing Ma-
chinery, New York, NY, USA, 187-195. https://doi.org/10.1145/2909824.3020219
Steven R. Gehrke, Christopher D. Phair, Brendan J. Russo, and Edward J. Smaglik.
2023. Observed sidewalk autonomous delivery robot interactions with pedes-
trians and bicyclists. Transportation Research Interdisciplinary Perspectives 18
(March 2023), 100789. https://doi.org/10.1016/j.trip.2023.100789

Erving Goffman. 1963. Behavior in Public Places. New York: The Free Press.
Katherine Harrison and Ericka Johnson. 2023. Affective Corners as a Problematic
for Design Interactions. J. Hum.-Robot Interact. 12, 4, Article 41 (jun 2023), 9 pages.
https://doi.org/10.1145/3596452

Kotaro Hayashi, Daisuke Sakamoto, Takayuki Kanda, Masahiro Shiomi, Satoshi
Koizumi, Hiroshi Ishiguro, Tsukasa Ogasawara, and Norihiro Hagita. 2007. Hu-
manoid robots as a passive-social medium: a field experiment at a train station. In
Proceedings of the ACM/IEEE international conference on Human-robot interaction.
ACM, Arlington Virginia USA, 137-144. https://doi.org/10.1145/1228716.1228735
Christian Heath, Jon Hindmarsh, and Paul Luff. 2010. Video in Qualitative Re-
search: Analysing Social Interaction in Everyday Life. SAGE Publications, Inc.
Christian Heath and Paul Luff. 1992. Collaboration and control: Crisis Manage-
ment and multimedia technology in London Underground Line Control Rooms.
Computer Supported Cooperative Work 1 (1992), 69-94. https://doi.org/10.1007/
BF00752451

Stephen Hester and David Francis. 2003. Analysing visually available mundane
order: a walk to the supermarket. Visual Studies 18, 1 (2003), 36—46. https:
//doi.org/10.1080/14725860320001000056

Marius Hoggenmiiller, Luke Hespanhol, and Martin Tomitsch. 2020. Stop and
Smell the Chalk Flowers: A Robotic Probe for Investigating Urban Interaction with
Physicalised Displays. In Proceedings of the 2020 CHI Conference on Human Factors
in Computing Systems (Honolulu, HI, USA) (CHI "20). Association for Computing
Machinery, New York, NY, USA, 1-14. https://doi.org/10.1145/3313831.3376676
John A. Hughes, David Randall, and Dan Shapiro. 1992. Faltering from Ethnogra-
phy to Design. In Proceedings of the 1992 ACM Conference on Computer-Supported
Cooperative Work (Toronto, Ontario, Canada) (CSCW °92). Association for Com-
puting Machinery, New York, NY, USA, 115-122. https://doi.org/10.1145/143457.
143469

H. Huttenrauch and K.S. Eklundh. 2003. To help or not to help a service robot.
In The 12th IEEE International Workshop on Robot and Human Interactive Com-
munication, 2003. Proceedings. ROMAN 2003. IEEE, Millbrae, CA, USA, 379-384.
https://doi.org/10.1109/ROMAN.2003.1251875

Kristina H66k and Jonas Lowgren. 2012. Strong Concepts: Intermediate-Level
Knowledge in Interaction Design Research. ACM Trans. Comput.-Hum. Interact.
19, 3 (Oct. 2012). https://doi.org/10.1145/2362364.2362371

Jonas Ivarsson and Christian Greiffenhagen. 2015. The Organization of Turn-
Taking in Pool Skate Sessions. Research on Language and Social Interaction 48, 4
(2015), 406-429. https://doi.org/10.1080/08351813.2015.1090114

Brigitte Jordan and Austin Henderson. 1995. Interaction Analysis: Foundations
and Practice. The Journal of the Learning Sciences 4, 1 (Sept. 1995), 39-103.
http://www.jstor.org/stable/1466849

Wendy Ju. 2015. The Design of Implicit Interactions. Springer International
Publishing. https://doi.org/10.1007/978-3-031-02210-4

Wendy Ju and Larry Leifer. 2008. The Design of Implicit Interactions: Making
Interactive Systems Less Obnoxious. Design Issues 24, 3 (07 2008), 72-84. https:
//doi.org/10.1162/desi.2008.24.3.72

Malte Jung and Pamela Hinds. 2018. Robots in the Wild: A Time for More Robust
Theories of Human-Robot Interaction. J. Hum.-Robot Interact. 7, 1 (May 2018).
https://doi.org/10.1145/3208975

Leelo Keevallik and Anna Ekstrom. 2019. How to Take the Floor as a Couple:
Turn-Taking in Lindy Hop Jam Circles. Visual Anthropology 32, 5 (2019), 423-444.
https://doi.org/10.1080/08949468.2019.1671750

Eric Laurier, Daniel Muiioz, Rebekah Miller, and Barry Brown. 2020. A Bip, a
Beeeep, and a Beep Beep: How Horns Are Sounded in Chennai Traffic. Research
on Language and Social Interaction 53, 3 (2020), 341-356. https://doi.org/10.1080/
08351813.2020.1785775

Hee Rin Lee, EunJeong Cheon, Chaeyun Lim, and Kerstin Fischer. 2022. Con-
figuring Humans: What Roles Humans Play in HRI Research. In 2022 17th
ACM/IEEE International Conference on Human-Robot Interaction (HRI). 478-492.
https://doi.org/10.1109/HRI53351.2022.9889496

Wen-Ying Lee, Yoyo Tsung-Yu Hou, Cristina Zaga, and Malte Jung. 2019. Design
for Serendipitous Interaction: BubbleBot - Bringing People Together with Bubbles.
In 2019 14th ACM/IEEE International Conference on Human-Robot Interaction (HRI).


https://doi.org/10.1145/3434073.3444662
https://doi.org/10.1145/3434073.3444662
https://doi.org/10.1145/3319502.3374817
https://doi.org/10.1007/s12369-022-00894-x
https://doi.org/10.1145/3025453.3025740
https://www.bbc.co.uk/news/uk-england-cambridgeshire-63997868
https://www.bbc.co.uk/news/uk-england-cambridgeshire-63997868
https://doi.org/10.1145/1124772.1124836
https://doi.org/10.1145/2491500.2491502
https://doi.org/10.1145/3461778.3462065
https://doi.org/10.1111/ijal.12194
https://doi.org/10.1111/ijal.12194
https://doi.org/10.1145/3544548.3581045
https://doi.org/10.1145/3025453.3025462
https://doi.org/10.1145/2696454.2696468
https://doi.org/10.1145/3568294.3580206
https://doi.org/10.1145/3568294.3580206
https://doi.org/10.1109/RO-MAN53752.2022.9900588
https://doi.org/10.1109/RO-MAN53752.2022.9900588
https://doi.org/10.1109/HRI.2013.6483603
https://doi.org/10.1109/HRI.2013.6483603
https://doi.org/10.1145/642611.642710
https://doi.org/10.1145/2909824.3020219
https://doi.org/10.1016/j.trip.2023.100789
https://doi.org/10.1145/3596452
https://doi.org/10.1145/1228716.1228735
https://doi.org/10.1007/BF00752451
https://doi.org/10.1007/BF00752451
https://doi.org/10.1080/14725860320001000056
https://doi.org/10.1080/14725860320001000056
https://doi.org/10.1145/3313831.3376676
https://doi.org/10.1145/143457.143469
https://doi.org/10.1145/143457.143469
https://doi.org/10.1109/ROMAN.2003.1251875
https://doi.org/10.1145/2362364.2362371
https://doi.org/10.1080/08351813.2015.1090114
http://www.jstor.org/stable/1466849
https://doi.org/10.1007/978-3-031-02210-4
https://doi.org/10.1162/desi.2008.24.3.72
https://doi.org/10.1162/desi.2008.24.3.72
https://doi.org/10.1145/3208975
https://doi.org/10.1080/08949468.2019.1671750
https://doi.org/10.1080/08351813.2020.1785775
https://doi.org/10.1080/08351813.2020.1785775
https://doi.org/10.1109/HRI53351.2022.9889496

HRI 24, March 11-14, 2024, Boulder, CO, USA

759-760. https://doi.org/10.1109/HRI.2019.8673265

Claire Liang and Hadas Kress-Gazit. 2021. Homotopy-Driven Exploration
of Human-Made Spaces Using Signs. In 2021 IEEE International Conference
on Robotics and Automation (ICRA) (Xi’an, China). IEEE Press, 12715-12721.
https://doi.org/10.1109/ICRA48506.2021.9561862

Benjamin Lipp. 2022. Caring for robots: How care comes to matter in human-
machine interfacing. Social Studies of Science (April 2022), 030631272210814.
https://doi.org/10.1177/03063127221081446

Eric Livingston. 1987. Making Sense of Ethnomethodology. Routledge & Kegan
Paul, London.

Maria Luce Lupetti, Cristina Zaga, and Nazli Cila. 2021. Designerly Ways of
Knowing in HRI: Broadening the Scope of Design-Oriented HRI Through the Con-
cept of Intermediate-Level Knowledge. Association for Computing Machinery,
389-398. https://doi.org/10.1145/3434073.3444668

Karthik Mahadevan, Sowmya Somanath, and Ehud Sharlin. 2018. Communi-
cating Awareness and Intent in Autonomous Vehicle-Pedestrian Interaction. In
Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems
(CHI ’18). Association for Computing Machinery, New York, NY, USA, 1-12.
https://doi.org/10.1145/3173574.3174003

[46] Jennifer E. Martinez, Dawn VanLeeuwen, Betsy Bender Stringam, and Marlena R.

Fraune. 2023. Hey?! What did you think about that Robot? Groups Polarize
Users’ Acceptance and Trust of Food Delivery Robots. In Proceedings of the 2023
ACM/IEEE International Conference on Human-Robot Interaction. ACM, Stockholm
Sweden, 417-427. https://doi.org/10.1145/3568162.3576984

Bernard McGrane. 1994. The Un-Tv and the 10 Mph Car: Experiments in Personal
Freedom and Everyday Life. The Small Press.

Sara Merlino and Lorenza Mondada. 2019. Crossing the street: How pedestrians
interact with cars. Language & Communication 65 (March 2019), 131-147. https:
//doi.org/10.1016/j.]Jangcom.2018.04.004

Nicole Mirnig, Ewald Strasser, Astrid Weiss, and Manfred Tscheligi. 2012. Studies
in Public Places as a Means to Positively Influence People’s Attitude towards
Robots. In Social Robotics, Shuzhi Sam Ge, Oussama Khatib, John-John Cabibihan,
Reid Simmons, and Mary-Anne Williams (Eds.). Springer Berlin Heidelberg,
Berlin, Heidelberg, 209-218. https://doi.org/10.1007/978-3-642-34103-8_21

[50] Jakub Mlynaf, Grace Eden, and Florian Evéquoz. 2023. Stopping Aside: Pedes-

trians’ Practice for Giving Way to a Self-Driving Shuttle. Social Interaction.
Video-Based Studies of Human Sociality 6, 1 (Jun. 2023). https://doi.org/10.7146/
si.v6il.137114

Frederik Moesgaard, Lasse Hulgaard, and Mads Bodker. 2022. Incidental En-
counters with Robots. In 2022 31st IEEE International Conference on Robot and
Human Interactive Communication (RO-MAN). IEEE, Napoli, Italy, 377-384.
https://doi.org/10.1109/RO-MAN53752.2022.9900591

Lorenza Mondada. 2012. The Conversation Analytic Approach to Data Collection.
In The Handbook of Conversation Analysis (1 ed.), Jack Sidnell and Tanya Stivers
(Eds.). Wiley, 32-56. https://doi.org/10.1002/9781118325001.ch3

Dylan Moore, Rebecca Currano, G Ella Strack, and David Sirkin. 2019. The Case
for Implicit External Human-Machine Interfaces for Autonomous Vehicles. In
Proceedings of the 11th International Conference on Automotive User Interfaces and
Interactive Vehicular Applications (AutomotiveUI ’19). Association for Comput-
ing Machinery, New York, NY, USA, 295-307. https://doi.org/10.1145/3342197.
3345320

Marie Muehlhaus, Jiirgen Steimle, and Marion Koelle. 2022. Feather Hair: In-
teracting with Sensorized Hair in Public Settings. In Proceedings of the 2022
ACM Designing Interactive Systems Conference (Virtual Event, Australia) (DIS
’22). Association for Computing Machinery, New York, NY, USA, 1228-1242.
https://doi.org/10.1145/3532106.3533527

Jorg Miiller, Robert Walter, Gilles Bailly, Michael Nischt, and Florian Alt. 2012.
Looking Glass: A Field Study on Noticing Interactivity of a Shop Window. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems
(Austin, Texas, USA) (CHI ’12). Association for Computing Machinery, New York,
NY, USA, 297-306. https://doi.org/10.1145/2207676.2207718

Sara Nielsen, Mikael B. Skov, Karl Damkjeser Hansen, and Aleksandra Kaszowska.
2023. Using User-Generated YouTube Videos to Understand Unguided Interac-
tions with Robots in Public Places. ACM Transactions on Human-Robot Interaction
12, 1 (March 2023), 1-40. https://doi.org/10.1145/3550280

Kenton O’Hara, Maxine Glancy, and Simon Robertshaw. 2008. Understand-
ing Collective Play in an Urban Screen Game. In Proceedings of the 2008 ACM
Conference on Computer Supported Cooperative Work (San Diego, CA, USA)
(CSCW °08). Association for Computing Machinery, New York, NY, USA, 67-76.
https://doi.org/10.1145/1460563.1460576

[58] Janne Paavilainen, Hannu Korhonen, Kati Alha, Jaakko Stenros, Elina Koskinen,

and Frans Mayra. 2017. The Pokémon GO Experience: A Location-Based Aug-
mented Reality Mobile Game Goes Mainstream. In Proceedings of the 2017 CHI
Conference on Human Factors in Computing Systems (Denver, Colorado, USA)
(CHI ’17). Association for Computing Machinery, New York, NY, USA, 2493-2498.
https://doi.org/10.1145/3025453.3025871

Hannah R.M. Pelikan. 2021. Why Autonomous Driving Is So Hard: The Social
Dimension of Traffic. In Companion of the 2021 ACM/IEEE International Conference

Pelikan, Reeves and Cantarutti

on Human-Robot Interaction (HRI 21 Companion). Association for Computing
Machinery, New York, NY, USA, 81-85. https://doi.org/10.1145/3434074.3447133
event-place: Boulder, CO, USA.

Hannah R M Pelikan, Mathias Broth, and Leelo Keevallik. 2020. “Are You Sad,
Cozmo?”: How Humans Make Sense of a Home Robot’s Emotion Displays. In
Proceedings of the 2020 ACM/IEEE International Conference on Human-Robot In-
teraction (HRI "20). Association for Computing Machinery, New York, NY, USA,
461-470. https://doi.org/10.1145/3319502.3374814

Hannah R. M. Pelikan and Malte F. Jung. 2023. Designing Robot Sound-In-
Interaction: The Case of Autonomous Public Transport Shuttle Buses. In Proceed-
ings of the 2023 ACM/IEEE International Conference on Human-Robot Interaction.
ACM, Stockholm Sweden, 172-182. https://doi.org/10.1145/3568162.3576979
Anssi Perikyld. 2004. Reliability and validity in research based on naturally
occurring social interaction. In Qualitative Research: Theory, Method and Practice
(second ed.), David Silverman (Ed.). SAGE, London, 283-304.

Martin Porcheron, Joel E. Fischer, Stuart Reeves, and Sarah Sharples. 2018. Voice
Interfaces in Everyday Life. In Proceedings of the 2018 CHI Conference on Human
Factors in Computing Systems (Montreal QC, Canada) (CHI °18). Association
for Computing Machinery, New York, NY, USA, 1-12. https://doi.org/10.1145/
3173574.3174214

Jason Procyk, Carman Neustaedter, Carolyn Pang, Anthony Tang, and Tejinder K.
Judge. 2014. Exploring Video Streaming in Public Settings: Shared Geocaching
over Distance Using Mobile Video Chat. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems (Toronto, Ontario, Canada) (CHI ’14).
Association for Computing Machinery, New York, NY, USA, 2163-2172. https:
//doi.org/10.1145/2556288.2557198

David Randall and Mark Rouncefield. 2010. Fieldwork for Design: Theory and
Practice (1st ed.). Springer Publishing Company, Incorporated.

Stuart Reeves. 2011. Designing Interfaces in Public Settings: Understanding the Role
of the Spectator in Human-Computer Interaction (1st ed.). Springer Publishing
Company, Incorporated.

Stuart Reeves, Steve Benford, Claire O’Malley, and Mike Fraser. 2005. Designing
the Spectator Experience. In Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (Portland, Oregon, USA) (CHI "05). Association for
Computing Machinery, New York, NY, USA, 741-750. https://doi.org/10.1145/
1054972.1055074

Stuart Reeves, Christian Greiffenhagen, Martin Flintham, Steve Benford, Matt
Adams, Ju Row Farr, and Nicholas Tandavantij. 2015. I'd Hide You: Performing
Live Broadcasting in Public. In Proceedings of the 33rd Annual ACM Conference
on Human Factors in Computing Systems (Seoul, Republic of Korea) (CHI ’15).
Association for Computing Machinery, New York, NY, USA, 2573-2582. https:
//doi.org/10.1145/2702123.2702257

Astrid Rosenthal-von Der Piitten, David Sirkin, Anna Abrams, and Laura Platte.
2020. The Forgotten in HRI: Incidental Encounters with Robots in Public Spaces.
In Companion of the 2020 ACM/IEEE International Conference on Human-Robot
Interaction. ACM, Cambridge United Kingdom, 656-657. https://doi.org/10.1145/
3371382.3374852

Damien Rudaz, Karen Tatarian, Rebecca Stower, and Christian Licoppe. 2023.
From Inanimate Object to Agent: Impact of Pre-Beginnings on the Emergence
of Greetings with a Robot. ACM Transactions on Human-Robot Interaction (Jan.
2023), 3575806. https://doi.org/10.1145/3575806

A Lincoln Ryave and James N. Schenkein. 1974. Notes on the art of walking. In
Ethnomethodology: Selected Readings, Roy Turner (Ed.). Penguin, Harmondsworth,
Chapter 19, 265-274.

S. Sabanovic, M.P. Michalowski, and R. Simmons. 2006. Robots in the wild:
observing human-robot social interaction outside the lab. In 9th IEEE International
Workshop on Advanced Motion Control, 2006. IEEE, Istanbul, Turkey, 596-601.
https://doi.org/10.1109/AMC.2006.1631758

Harvey Sacks. 1972. Notes on police assessment of moral character. In Studies in
Social Interaction, David Sudnow (Ed.). Free Press, New York, Chapter 8, 280-293.
Harvey Sacks. 1992. Lectures on Conversation. Blackwell, Oxford.

Jean Scholtz. 2003. Theory and evaluation of human robot interactions. In 36th
Annual Hawaii International Conference on System Sciences, 2003. Proceedings of
the. IEEE, Big Island, HI, USA, 10 pp. https://doi.org/10.1109/HICSS.2003.1174284
Simmone Shah. 2023. Why expanding driverless taxi service is facing protests
in San Francisco. Time (July 2023). https://time.com/6293896/why-expanding-
driverless-taxi-service-is-facing-protests-in-san-francisco/

David Sirkin, Brian Mok, Stephen Yang, and Wendy Ju. 2015. Mechanical Ottoman:
How Robotic Furniture Offers and Withdraws Support. In Proceedings of the
Tenth Annual ACM/IEEE International Conference on Human-Robot Interaction
(HRI ’15). Association for Computing Machinery, New York, NY, USA, 11-18.
https://doi.org/10.1145/2696454.2696461

Robin James Smith. 2019. Visually available order, categorisation practices, and
perception-in-action: a running commentary. Visual Studies 34, 1 (2019), 28-40.
https://doi.org/10.1080/1472586X.2019.1622445

Elwys De Stefani and Lorenza Mondada. 2018. Encounters in Public Space:
How Acquainted Versus Unacquainted Persons Establish Social and Spatial Ar-
rangements. Research on Language and Social Interaction 51, 3 (2018), 248-270.


https://doi.org/10.1109/HRI.2019.8673265
https://doi.org/10.1109/ICRA48506.2021.9561862
https://doi.org/10.1177/03063127221081446
https://doi.org/10.1145/3434073.3444668
https://doi.org/10.1145/3173574.3174003
https://doi.org/10.1145/3568162.3576984
https://doi.org/10.1016/j.langcom.2018.04.004
https://doi.org/10.1016/j.langcom.2018.04.004
https://doi.org/10.1007/978-3-642-34103-8_21
https://doi.org/10.7146/si.v6i1.137114
https://doi.org/10.7146/si.v6i1.137114
https://doi.org/10.1109/RO-MAN53752.2022.9900591
https://doi.org/10.1002/9781118325001.ch3
https://doi.org/10.1145/3342197.3345320
https://doi.org/10.1145/3342197.3345320
https://doi.org/10.1145/3532106.3533527
https://doi.org/10.1145/2207676.2207718
https://doi.org/10.1145/3550280
https://doi.org/10.1145/1460563.1460576
https://doi.org/10.1145/3025453.3025871
https://doi.org/10.1145/3434074.3447133
https://doi.org/10.1145/3319502.3374814
https://doi.org/10.1145/3568162.3576979
https://doi.org/10.1145/3173574.3174214
https://doi.org/10.1145/3173574.3174214
https://doi.org/10.1145/2556288.2557198
https://doi.org/10.1145/2556288.2557198
https://doi.org/10.1145/1054972.1055074
https://doi.org/10.1145/1054972.1055074
https://doi.org/10.1145/2702123.2702257
https://doi.org/10.1145/2702123.2702257
https://doi.org/10.1145/3371382.3374852
https://doi.org/10.1145/3371382.3374852
https://doi.org/10.1145/3575806
https://doi.org/10.1109/AMC.2006.1631758
https://doi.org/10.1109/HICSS.2003.1174284
https://time.com/6293896/why-expanding-driverless-taxi-service-is-facing-protests-in-san-francisco/
https://time.com/6293896/why-expanding-driverless-taxi-service-is-facing-protests-in-san-francisco/
https://doi.org/10.1145/2696454.2696461
https://doi.org/10.1080/1472586X.2019.1622445

Encountering Autonomous Robots on Public Streets

[80]

[81

[82]

[83]

[84

(85

(6]

[87]

[88]

[89]

[90]

https://doi.org/10.1080/08351813.2018.1485230

Leila Takayama. 2022. Putting Human-Robot Interaction Research into Design
Practice. In Proceedings of the 2022 ACM/IEEE International Conference on Human-
Robot Interaction (Sapporo, Hokkaido, Japan) (HRI "22). IEEE Press, 1.

Paul ten Have. 2007. Doing Conversation Analysis. SAGE Publications, Ltd.
https://doi.org/10.4135/9781849208895

Hamish Tennent, Solace Shen, and Malte Jung. 2019. Micbot: A Peripheral Robotic
Object to Shape Conversational Dynamics and Team Performance. In Proceedings
of the 14th ACM/IEEE International Conference on Human-Robot Interaction (HRI
’19). IEEE Press, 133-142.

Sofia Thunberg and Tom Ziemke. 2020. Are People Ready for Social Robots in
Public Spaces?. In Companion of the 2020 ACM/IEEE International Conference on
Human-Robot Interaction. ACM, Cambridge United Kingdom, 482-484. https:
//doi.org/10.1145/3371382.3378294

Meg Tonkin, Jonathan Vitale, Sarita Herse, Mary-Anne Williams, William Judge,
and Xun Wang. 2018. Design Methodology for the UX of HRI: A Field Study of
a Commercial Social Robot at an Airport. In Proceedings of the 2018 ACM/IEEE
International Conference on Human-Robot Interaction. ACM, Chicago IL USA,
407-415. https://doi.org/10.1145/3171221.3171270

Sylvaine Tuncer, Eric Laurier, Barry Brown, and Christian Licoppe. 2020. Notes
on the practices and appearances of e-scooter users in public space. Journal
of Transport Geography (2020), 102702. https://doi.org/10.1016/j.jtrangeo.2020.
102702

Janet Vertesi. 2015. Seeing Like a Rover: How Robots, Teams, and Images Craft
Knowledge of Mars. University of Chicago Press, Chicago, IL.

Dirk vom Lehn, Jon Hindmarsh, Paul Luff, and Christian Heath. 2007. Engaging
Constable: Revealing Art with New Technology. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems (San Jose, California, USA)
(CHI °07). Association for Computing Machinery, New York, NY, USA, 1485-1494.
https://doi.org/10.1145/1240624.1240848

Dirk vom Lehn, Jon Hindmarsh, Paul Luff, and Christian Heath. 2007. Engaging
Constable: Revealing Art with New Technology. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems (San Jose, California, USA)
(CHI °07). Association for Computing Machinery, New York, NY, USA, 1485-1494.
https://doi.org/10.1145/1240624.1240848

Jered Vroon, Zoltan Rousak, and Gerd Kortuem. 2020. Detecting Emerging
Challenges in Social Sidewalk Navigation. In First international workshop on
Designerly HRI Knowledge. Held in conjunction with the 29th IEEE International
Conference on Robot and Human Interactive Communication (RO-MAN 2020).
https://malulu.github.io/HRI-Design-2020/assets/pdf/Vroon%20et%20al.pdf
David Weinberg, Healy Dwyer, Sarah E. Fox, and Nikolas Martelaro. 2023. Sharing
the Sidewalk: Observing Delivery Robot Interactions with Pedestrians during a
Pilot in Pittsburgh, PA. Multimodal Technologies and Interaction 7, 5 (May 2023),

[91

[92

[94

[95

[97

[98

[99

HRI 24, March 11-14, 2024, Boulder, CO, USA

53. https://doi.org/10.3390/mti7050053

Astrid Weiss, Judith Igelsbock, Manfred Tscheligi, Andrea Bauer, Kolja Kuhnlenz,
Dirk Wollherr, and Martin Buss. 2010. Robots asking for directions — The
willingness of passers-by to support robots. In 2010 5th ACM/IEEE International
Conference on Human-Robot Interaction (HRI). IEEE, Osaka, 23-30. https://doi.
org/10.1109/HRI1.2010.5453273

Astrid Weiss, Nicole Mirnig, Roland Buchner, Florian Forster, and Manfred Tsche-
ligi. 2011. Transferring Human-Human Interaction Studies to HRI Scenarios in
Public Space. In Human-Computer Interaction — INTERACT 2011, Pedro Campos,
Nicholas Graham, Joaquim Jorge, Nuno Nunes, Philippe Palanque, and Marco
Winckler (Eds.). Springer Berlin Heidelberg, Berlin, Heidelberg, 230-247.
Astrid Weiss and Katta Spiel. 2021. Robots beyond Science Fiction: mutual
learning in human-robot interaction on the way to participatory approaches. Al
& SOCIETY (2021). https://doi.org/10.1007/s00146-021-01209-w

Katie Winkle, Donald McMillan, Maria Arnelid, Katherine Harrison, Madeline
Balaam, Ericka Johnson, and Iolanda Leite. 2023. Feminist Human-Robot Interac-
tion: Disentangling Power, Principles and Practice for Better, More Ethical HRI.
In Proceedings of the 2023 ACM/IEEE International Conference on Human-Robot
Interaction (Stockholm, Sweden) (HRI *23). Association for Computing Machinery,
New York, NY, USA, 72-82. https://doi.org/10.1145/3568162.3576973

Peter Wittenburg, Hennie Brugman, Albert Russel, Alex Klassmann, and Han
Sloetjes. 2006. ELAN: A professional framework for multimodality research. In
5th International Conference on Language Resources and Evaluation (LREC 2006).
1556-1559.

Niels Wouters, John Downs, Mitchell Harrop, Travis Cox, Eduardo Oliveira, Sarah
Webber, Frank Vetere, and Andrew Vande Moere. 2016. Uncovering the Honeypot
Effect: How Audiences Engage with Public Interactive Systems. In Proceedings
of the 2016 ACM Conference on Designing Interactive Systems (Brisbane, QLD,
Australia) (DIS ’16). Association for Computing Machinery, New York, NY, USA,
5-16. https://doi.org/10.1145/2901790.2901796

James Wright. 2023. Robots Won’t Save Japan: An Ethnography of Eldercare
Automation. Cornell University Press. http://www.jstor.org/stable/10.7591/j.
ctv2fjx0Obr

Stephen Yang, Brian Ka-Jun Mok, David Sirkin, Hillary Page Ive, Rohan Ma-
heshwari, Kerstin Fischer, and Wendy Ju. 2015. Experiences Developing Socially
Acceptable Interactions for a Robotic Trash Barrel. In 2015 24th IEEE International
Symposium on Robot and Human Interactive Communication (RO-MAN) (Kobe,
Japan). IEEE Press, 277-284. https://doi.org/10.1109/ROMAN.2015.7333693
Xinyan Yu, Marius Hoggenmiiller, and Martin Tomitsch. 2023. Your Way Or
My Way: Improving Human-Robot Co-Navigation Through Robot Intent and
Pedestrian Prediction Visualisations. In Proceedings of the 2023 ACM/IEEE In-
ternational Conference on Human-Robot Interaction. ACM, Stockholm Sweden,
211-221. https://doi.org/10.1145/3568162.3576992


https://doi.org/10.1080/08351813.2018.1485230
https://doi.org/10.4135/9781849208895
https://doi.org/10.1145/3371382.3378294
https://doi.org/10.1145/3371382.3378294
https://doi.org/10.1145/3171221.3171270
https://doi.org/10.1016/j.jtrangeo.2020.102702
https://doi.org/10.1016/j.jtrangeo.2020.102702
https://doi.org/10.1145/1240624.1240848
https://doi.org/10.1145/1240624.1240848
https://malulu.github.io/HRI-Design-2020/assets/pdf/Vroon%20et%20al.pdf
https://doi.org/10.3390/mti7050053
https://doi.org/10.1109/HRI.2010.5453273
https://doi.org/10.1109/HRI.2010.5453273
https://doi.org/10.1007/s00146-021-01209-w
https://doi.org/10.1145/3568162.3576973
https://doi.org/10.1145/2901790.2901796
http://www.jstor.org/stable/10.7591/j.ctv2fjx0br
http://www.jstor.org/stable/10.7591/j.ctv2fjx0br
https://doi.org/10.1109/ROMAN.2015.7333693
https://doi.org/10.1145/3568162.3576992

	Abstract
	1 Introduction
	2 Related Work
	2.1 Human-Robot Encounters in Public
	2.2 HCI and Public Interaction
	2.3 Studies of the Street

	3 Studying Delivery Robots in Public
	3.1 Starship Delivery Robots
	3.2 Taking an EMCA Approach
	3.3 Data Collection and Analysis
	3.4 Ethics

	4 The Delivery of Goods via Robot
	4.1 Loading and Receiving the Order
	4.2 Doing the Delivery

	5 Autonomous Delivery: An Unremarkable Accomplishment of The Street
	5.1 Robot Encounters with the Streetscape
	5.2 The Street as a Workplace
	5.3 The Street as a Place of Passing-Through

	6 Discussion
	6.1 Members of the Street as `Users'
	6.2 Accommodation Work
	6.3 How Can We Study HRI in Public?
	6.4 Limitations and Future Work

	7 Conclusion
	Acknowledgments
	References

