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Abstract—If robots are to be deployed in public places, we
need to understand what factors their design should consider.
Informed by sociological studies of urban settings, particularly
the work of William H. Whyte and the Street Life Project, we
describe four characteristics of public places that affect and are
affected by robot design: (1) localism—how robot design aligns
with the identity, culture, and character of the place(s) they
reside within; (2) environments—the physical characteristics of
the environment in which public robots operate; (3) activities—
consideration for the various daily, occasional, and situational ac-
tivities that are tied to place(s) robots inhabit; and (4) sociability—
how people collectively and individually relate to, interact with,
and make sense of robots deployed in public places. Throughout,
we illustrate these characteristics with examples drawn from
empirical studies of public robots. We discuss how these key
characteristics of public places can inform HRI design.

Index Terms—Human-robot interaction; design frameworks;
public robots; urban robots; public mobile robots

I. INTRODUCTION

With multiplying instances of robot deployment on urban
streets [1, 2], shopping complexes [3], and airports [4], there is
a need for HRI research to improve its understanding of how
public deployments of robots will affect and be affected by
the nature of public places. These places are highly complex
even in the absence of robots, as demonstrated by the large and
growing body of literature on urban placemaking [e.g. 5, 6, 7].
Putting robots in public places involves a multitude of new
considerations that both respect and appreciate that complex-
ity. We need to mature the approaches of HRI towards public
robots by taking an interest in research that contends with the
design of/for public places and of/for public interactions.

The purpose here is to synthesise our HRI research on public
robots [1, 8, 9] with work from urban sociology and Human-
Computer Interaction (HCI) on placemaking (i.e., the design,
improvement, and purposeful use of public places) [10, 11].
We offer a simple but implicative set of characteristics of/for
public spaces that robot-oriented research can use to reflect on
present design challenges. Our characteristics build on a tradi-
tion of understanding and designing for placemaking initiated
by William H. Whyte [12] and continued via organisations
such as the Project for Public Spaces (PPS) [13].

We filter placemaking literature through present concerns
around robots in public to reach the following key charac-
teristics: localism—how robot design addresses the identity,
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Fig. 1: Four characteristics that the design of public robots
should consider. Examples presented in §IV are mapped
onto this and annotated following the same colour mapping.
Adapted from PPS’s The Place Diagram [13]. (Also see
https://robotsinpublic.org/making-space-framework).

expectations, and culture of local places they are intended for;
environments—how the physical qualities—whether designed
or emergent—of the environment impact and are responded
to by robot design; activities—how robot design takes into
account both “normal” and “exceptional” activities that take
place in public places and transform the nature of those places
momentarily or rhythmically; and sociability—how design
considers the way people in public places practically relate
to, interact with, make sense of robots as they find them.

We integrate these characteristics into a placemaking frame-
work grounded in concrete examples, contributing to design-
erly HRI [14] with “strong concepts” [15].
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II. L ITERATURE REVIEW

As HRI research moves increasingly “out of the laboratory”
and into public places, previous work in urban studies, urban
sociology, as well as HCI gains greater relevance. We review
this emerging trend in HRI, then explore HCI research on tech-
nology in public, and �nally return to notions of placemaking.

A. HRI in Public

Recent work in HRI has identi�ed the potential signi�cance
of incidentally co-present persons[16] for the design of
robots in public places. These are people normally outside
the purview of HRI design, people who are co-present in
reality yet typically absent from design consideration. Co-
present others are signi�cant in that their identi�cation opens
up a wide range of research on the sociality of public places
in general. The relevance of co-present others in public is
becoming a pressing issue for HRI as highlighted by an
emerging body of work that examines encounters between
people and robots “in the wild” (cf. [17]). This includes
observations of commercial robot operations [1, 2, 18, 19],
studies of autonomous shuttle buses as part of public transport
[9, 20, 21, 22, 23], trial deployments of novel robots [24, 25],
and studies of user-generated videos (e.g., YouTube) capturing
human-robot interactions [26, 27], as well as more traditional
use of stimulus material to understand response to robots in
public [28]. Although these studies illuminate the complexity
of public places, more structured design-oriented thinking that
builds on this work is needed.

B. Designing Public Technologies

Designing for interactive technologies deployed in public is
not new, and HCI research has a broad set of literature that
addresses just this. Previous work has involved studies and de-
ployments of systems in public or semi-public places [e.g., 29],
as well as developing frameworks and principles for design
[e.g., 30]. By studying examples of large public display media
screens, HCI has highlighted the dif�culties with embedding
technology into dynamically changing local contexts, which
both in�uence and are in�uenced by technology [31]. Most
critical to us is work drawing conceptual distinctions between
spaces—as material, geometric environments—andplaces—
formed by the human activities that take place in those spaces
[32, 33]. Recent HCI work has started to explore how robots
could be part of urban places [34]. The interplay between
robots and the city raises ethical questions related to social
justice and responsible design, including how robots impact
urban life and how they could foster desirable qualities of life
in the city [35]. We need an approach that considers how HRI
incorporates place, place-ness, and placemaking as aspects of
design, advocating forplace-centred designthat can inform
discussions of how robots impact and are shaped by the local
place they are deployed in.

C. The Design of Public Places and Placemaking

Our notion of placemaking [10, 11] is drawn from the pio-
neering work of William H. Whyte and his team in theStreet

Life Project [12, 36] and continuations of this work by PPS.
Whyte's observational studies of social life insmall urban
spacessuch as plazas, parks, and shopping areas highlighted
the factors contributing to their success or failure, including
the built environment (e.g., seating; steps), the weather (e.g.,
sun; wind), social behaviours (e.g., talking on street corners),
how social issues are handled (e.g., homelessness; drug ad-
diction), and what activities take place (e.g., food vending;
pop up concerts by buskers). Whyte's observations, such as
identifying “sittable space” and optimal heights for seating [12,
p.28], or observing just where people decide to stop for
conversation in a �ow of pedestrians [12, p.21], illuminate the
key characteristics of what makes such spaces intoplaces[32].

We do not suggest that placemaking is unheard of in
HRI: for instance, the Woodie urban robot [37, 38] and the
speculative design of BubbleBot [39] explicitly engage with
placemaking in their design. We also note that researchers
in other �elds, including social interaction [40] and urban
mobility [41, 42] have begun to examine autonomous and
robot technologies in public places.

III. O UR APPROACH TOPUBLIC ROBOTS

The term “public robot” covers a wide variety of possible
de�nitions. We build on a normative de�nition for “public-area
mobile robot (PMR)” from the draft ISO 4448 standard [43]:

A public mobile robot (PMR)is a wheeled or legged
(ambulatory) ground-based device that is designed to
travel along public, shared, pedestrianized pathways
without the use of visible human assistance or phys-
ical guides.

Grush [43] provides a comprehensive description of the
unique aspects of PMRs, particularly their implications for
vulnerable individuals. To inclusively discuss the interactions
of public robots with people and the places within which they
operate, we use a simpler working de�nition, as follows:

A public robot is any autonomous mobile ground-
based robot that people might use or encounter
exclusively in public places.

We deliberately exclude drones, but if �ying robots are
speci�cally used to interact with people at near-ground heights,
many of the ideas discussed in this paper may still apply.

To inform our four characteristics, we build on several
in-depth �eld studies of Starship delivery robots as well as
EasyMile and Navya autonomous shuttle buses (see Fig. 2 for
depictions), which we conducted in the past �ve years [1, 8, 9].
We cross-reference and contrast these studies with observa-
tions from different sites in Europe and the USA to produce
more general characteristics. Although our �eld studies were
conducted in an inductive manner, developing concepts from
speci�c observations, we take an abductive stance in this work.
In other words, we use characteristics of great public places
identi�ed by the work of Whyte and the PPS as a starting
point for our conceptual formulations, and further develop
these through our observations. We used the PPS'sThe Place
Diagram [13] to formulate four characteristics that the design
of (great) public robots should consider.



IV. FOUR CHARACTERISTICS FORPUBLIC ROBOT DESIGN

Each of the characteristics below corresponds to a quadrant
in Fig. 1. We start withlocalism, focusing on the robot as a
physical entity in a place (which is the least directly related
to Whyte's descriptions). We then go deeper into the “place-
ness” of place, looking at theenvironment and theactivities
that characterise public spaces, concluding withsociability ,
highlighting interactionsbetween people and public robots.

A. Localism

Localism describes how the robot matches the character of
the place in which it is operating. In contrast to an anonymous,
clean, or neutral space, place-ness is established by human
practices [32], signalled by the use of local language, signage,
customs, etc. Current public robots deployed for commercial
purposes are often adjusted to the character of the local
place by choosing speci�c forms ofvisual presentation; the
use of cultural references; and adjustments to thephysical
arrangementaround the robot, as illustrated in Fig. 2.

Visual presentation, such as distinctive livery (seea
in Fig. 2), can be used to present robots as “belonging” to
a local environment. Similar to rental bikes, scooters, and
public transport vehicles, robots may be made visible as
part of a service �eet, recognisable from a distance. Some
customisation may be less permanent; for example, stickers
may adjust robots to seasonal festivities speci�c to the locale
b . Signage on the robots may also be used, for example to

provide instructions in the local languagea , c .
Cultural referencestie public robots to local norms. Instruc-

tional texts re�ect local linguistic practices, (e.g., bilingual
information on an international campusa ). References to
local characters may shape the robot's identity. For example,
on a US campus, delivery robots are made at home by referring
to the local mascotc . In Sweden, a country with a strong

�rst-name culture, self-driving shuttle buses were given crowd-
sourced nicknames (printed above the windowsa , d ).

Local placemaking practices can also extend to ways of
integrating the robot with localphysical arrangements. For
self-driving shuttle buses, stops that are speci�c only for those
shuttles are marked with custom stop signsd . Coloured
dots were painted to mark their presence in a mixed traf�c
area shortly after starting operation, indicating a sense of
legitimacy and presenting their movement trajectory in the
spacee . Delivery robots present similar examples. In Finland,
supermarkets painted parking areas where robots wait for the
next order of food delivery f . The robot areas were then
signed as forbidden for bikes. In the UK or Estonia, the same
robots park in speci�c zones but arenot marked, re�ecting the
nature of these locally managed aspects of placemakingg .

Localism parallels a phenomenon described in the literature
on telepresence robots, often decorated by their users with
scarfs, banners, or name tags as a way of incorporating them
into the speci�c setting [44]. Designers may want to explore
how to support local customisation, including borrowing meth-
ods from service design and marketing to effectively com-
municate the robots' presence [45]. Robots as part of larger
�eets bear similarities to mobility technologies, including e-
scooters, rental bikes, and taxis. Urban designers, planners, and
architects may provide valuable insights into how to �t robots
into local environments. Embracing localism may also involve
exploring responsible innovation [35] and social justice [46]
in the design of robots for urban settings.

B. Environments

The physical characteristics of theenvironment affect how
robots move in them. Whyte describes at length how the
weather and the built environment shape the experience of
public places, characterising how social spaces in a city feel.

Fig. 2: Localism. a Different entities of self-driving shuttle buses are marked as part of the same �eet by coloured foliage.b
Delivery robot with seasonal decoration.c Delivery robot text referring to the local mascot.d , e and f The infrastructure
around robots includes signage and �oor painting.g The robot parked among rental bikes and scooters.



For example, he described how areas can be made welcoming
(or not) by different kinds of surfaces (e.g., spikes on benches
to prevent homeless people from sleeping on them) [12, p.29].
We also discover that for robots, the speci�c environment can
play an important role in their public deployment. We divide
this into three further subcharacteristics: thehospitability of
the built environment and its physical infrastructure;nature;
andmobile objects. All are illustrated with examples in Fig. 3.

A persistent concern for the design of public places is how
hospitable they are to people—consider long-running argu-
ments over urban planning and design prioritising cars over
humans. Such discourses are highly pertinent for the intro-
duction of robots in public, which complexify such issues—we
describe this as robothospitability. Environments are simply
not designed for robots; for example, they can be very dif�cult
to navigate using existing sensors and way�nding techniques.
Uneven surfaces, sometimes intentionally designed to make
public places more accessible to people, can cause reductions
in speed or even emergency braking for robotsa . Steep roads
or high curbs can be dif�cult to climb for robotsb , and some
obstacles can require manual takeover. Crossing the road is
already dif�cult, and challenging traf�c conditions can cause
robots to get stuck at intersections and driveways.

Whyte also describes hownature—including trees, parks
and changing shadows as the sun moves during the day—shape
the quality of the human experience [12, pp.40-44]. Natural
features of environments, such as weather, can affect robot
operation, but for very different reasons. Snow, rain, and fog
can be particularly challenging, as they tend to disturb the
sensors so much that operation may be made impossible [42,
47]. Plant growth can pose unexpected problems. Robots may
detect fallen autumn leaves that are dancing in the wind as an
obstacle; and safety drivers on the self-driving shuttle buses
had to rip out grassc to prevent the buses from stopping

repeatedly. They now ride with grass clippers to trim grass
close to the stone curb, which is dif�cult to cut with gardening
machines. Finally, wild animals such as birds may become
unexpected obstacles when moving close to robots.

Mobile objects—as traces of human activities in public
places—may block a robot's way. For example, we observed
an abandoned shopping cart slowly drifting into a delivery
robot d . Trash bags and mobile trash bins can obstruct
delivery robots on the pavemente . For autonomous shuttle
buses, parked scooters or bikes are common obstacles that
need to be removed by safety driversf since the buses were
not designed to deviate from their pre-programmed route.

Despite advancements in computer vision and motion plan-
ning, navigation in natural environments will remain challeng-
ing. HRI can explore how to make robot sensors more ex-
plainable, drawing from the literature on autonomous vehicles
when designing legible robot motion [48, 49]. Collaborations
with city councils could explore how the infrastructure can
better accommodate public mobile robots without con�icting
with human use. Robots are not only heavily in�uenced by
the environment, but they themselves in�uence how people
experience a place, similar to other interactive urban technolo-
gies [31]). If robots contribute substantively to public civic
services, it may be that guidelines on how to live with robots
becomes a necessary tradeoff,e.g., within traf�c education,
driving schools, as well as information for local residents.

C. Activities

Places change over time. Whyte describes the rhythms
of human activities, using video recordings and time-lapse
footage to show how people transform public spaces over
the course of a day, week, month, and so on (seee.g.,
Whyte's discussion of Rockefeller Plaza's changing with the
seasons [12, p. 59]). Momentarily, places may change charac-

Fig. 3: Environment.a Uneven surfaces can be dif�cult to navigate.b High curbs may be dif�cult to overcome.c Natural
elements may disturb sensors; a safety driver is ripping out grass that caused emergency stops.d An abandoned shopping
trolley rolls into a robot. e Trash bins can become obstacles.f A safety driver removes a bike parked in the robot's way.
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