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ABSTRACT
We investigate how ethical agency is shaped in proximate interac-
tions between bodies and machines. From a dataset of novel human-
robot embraces, we examine how bodies sense and act on machines
to fulfil different responsibilities. Each action continuously recon-
figures the possibilities for sense-making and action-taking that
are available in the interaction, which in turn, changes how bod-
ies can fulfil their responsibilities. We explore how this process
can shape our ethical relations with machines, based on whether
interactive possibilities construct or reduce agency; bodies must
compensate for missing possibilities; boundaries are counterproduc-
tive to sustaining ethical agency; or are resilient under challenge.
Our analysis demonstrates how bodies are empowered – or not –
to fulfil their responsibilities through the embodied possibilities for
sense-making and action-taking available within such interactions.
We propose a relational conception of ethical capability and advo-
cate for designing human-machine interactions that relationally
support bodies in diverse forms of doings and beings.

CCS CONCEPTS
• Human-centered computing→ Interaction design theory,
concepts and paradigms.

KEYWORDS
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1 INTRODUCTION
For human-computer interaction (HCI) and human-robot interac-
tion (HRI), embodied human-machine interactions pose questions
regarding how ethics and responsibility can be practiced within
these dynamic, relational and physical encounters [17, 18]. We

explore how ethical capability – the embodied capacity to fulfil
responsibility – is shaped in relational human-machine encoun-
ters. We unpack how machines, specifically robots, support us in
making sense of interactions and taking actions to meet the ethical
demands that are made of us. We suggest a relational conception of
ethical capability that considers how machines might best support
the ethical agency of their operators and other people who interact
with them.

Our point of departure is that felt ethics are practiced within em-
bodied interactions between humans and machines. This position
views ethical sensibilities as grounded in our bodies and shaped by
our relationships with others and technologies [28]. These sensibil-
ities include our capacity to recognise if action is required from us
and a sensitivity towards how we can respond. Rather than being
the exclusive domain of cognitive and rational decision-making,
felt ethics argues that embodied ethical knowledge is implicit in
many aspects of research practice, as well as our interactions with
technologies [28]. Such sensibilities can arise from our upbringing
or socio-cultural context [26], but they can also be shaped by pro-
fessional education and training [25]. For example, robot operators
often use their ethical sensibilities to make sense of what robots
are doing and then act in responsible ways that care for others;
not harming others through their actions while protecting the ro-
bot itself [17, 24]. This form of ethical agency is deeply embodied
and enacted in situated encounters with robots. However, these
exertions of embodied ethical agency are not always facilitated –
and can even be hindered – by the design of these robots. This can
lead to breakdowns in responsible practice and further, impede the
cultivation of ethical sensibilities and more responsible practices
[26]. As such, we are motivated to explore the mutual constitution
of ethical agency between bodies and robots more deeply.
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Figure 1: A Promotional Photograph from Embrace Angels

We draw on a dataset of human-robot embraces collected during
Embrace Angels. This was a performance-led research process [8]
exploring how to stage a unique performance art installation where
people are invited to engage in an embrace between multiple hu-
mans and robots. The installation is the work of pioneering Dutch
artists Lancel/Maat whose portfolio explores the experience of inti-
macy in a socio-technical world.1 During the initial stages of this
project, we – a team of artists, human-computer interaction, human-
robot interaction, and robotics researchers – experimented with
potential ways of staging this performance. This work generated
a rich dataset of interactions where we approached and embraced
robots. From this dataset, we extracted 65 video clips showing one
or more human-robot embraces, field notes, and reflections. This
dataset presented a unique opportunity to examine the emergence
of ethical agency between bodies and robots in a tangible context.

To make sense of these encounters, we combine our under-
standing of ethical sensibilities with a posthumanist conception
of human-machine agency. In HCI, posthumanism is employed to
attend to how technologies shape how we can know, act and be
in the world [22]. This occurs because technologies enable and
constrain human activities in different ways, which shapes how
ethics and responsibility can be understood and practiced [23]. We
are motivated to examine how robots shape our ethical agency by
demarcating the embodied possibilities available to us to sense and

1https://www.lancelmaat.nl/

act within an interaction [79]. In other words, we propose the spe-
cific design of a machine shapes how we can exercise our embodied
capacities for sense-making and action-taking, and by extension,
our agency to act ethically and fulfil our responsibilities.

Therefore, we selected two posthumanist perspectives to struc-
ture our analysis of the relational shaping of embodied ethical
sensibilities. First, we employ Barad’s notion of intra-active agency
which, due to its explicit focus on matter and embodiment, is help-
ful for thinking through the co-constitutive relationship between
bodies and robots [3]. We apply this perspective to consider how
robots offer opportunities for sense-making and possibilities for
action-taking which continuously change the arrangement of an
interaction. Second, we draw on Introna’s four conceptions of socio-
technical agency [43], which are helpful for understanding the
specific ways that ethical sensibilities might be shaped within the
interaction. We use this perspective to examine how our ethical sen-
sibilities were shaped across each rearrangement, by focusing on
changes to affordances or prohibitions, identities, practices, and dis-
course. We combine these perspectives to breakdown each human-
machine encounter and examine how bodies are supported to fulfil
different responsibilities across a dynamically unfolding encounter.

We explore five situated examples of ethical relations – (i) con-
structive, (ii) reductive, (iii) compensative, (iv) counterproductive,
and (v) resilient – wherein shifting possibilities for sense-making
and action-taking shape the emergence of ethical agency. In each
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example, we demonstrate how di�erent interactive opportunities
empower or disempower us to act and therefore, produce us as
capable or incapable of ful�lling our responsibilities. We discuss a
relational conception of ethical capability which o�ers an embodied
perspective to understand how interactions supports bodies in cul-
tivating ethical sensibilities and responsible practices. Finally, we
suggest three critical points of departure for examining ethical capa-
bility. We expect this contribution to interest researchers studying
posthumanism and bodies, embodied interaction with intelligent or
autonomous machines, or seeking ways that artistic-led research
can contribute to broader conceptions of ethics in HCI and HRI.

2 THEORY AND RELATED WORK
Here, we present related literature on the subjects of (i) human-
machine relations, (ii) felt ethical sensibilities, and (iii) recon�gura-
tions of ethical agency.

2.1 Human-Machine Relations
Our intention is to examine the relational constitution of ethical
agency between humans and machines. This aligns us closely with
entanglement perspectives on human-technology relations [22].
The technological meditation of ethical intentionality and mutual
shaping of ethical agency are well-explored subjects in, for ex-
ample, post-phenomenology [64]. Technologies are non-neutral
participants in the human activities, for example, enabling and con-
straining di�erent actions and behaviours; o�ering or prohibiting
access to information or other ways of interpreting the world; act-
ing as distinct entities with which we interact; or subtly shaping our
environments in ways that are not immediately visible [42]. This
has led Verbeek to speak ofcyborg intentionalities; wherein inten-
tionality � simply put, the ways that humans are directed towards
and can act upon the world � is mediated through technologies or
even composites of both human and technological capabilities [83].
In HCI, such perspectives are invaluable in making sense of how
humans perceive technological agency [45]; foregrounding object-
centred perspectives [85]; examining the boundaries between sub-
jects and objects [35]; and informing empirical and methodological
approaches for designing human-technology relations [86]. Other
conceptualisations of human-machine relational agency include
hybrid agency and co-performance. For example, Devendorf and
Ryokai examine the hybrid agency that emerges when humans
and machine jointly enact the process of digital fabrication [15],
while ’imbelis and colleagues explore aggregate human-machine
agency in the co-creation of mechanical art [73]. Further, Kuijer
and Giaccardi introduce the notion of co-performance to denote
how computation artefacts could be designed to play an embodied
and evolving role shaped by mutual practices [47]. The ethical per-
tinence of these human-machine agencies is obvious: the ways that
technologies enable or constrain di�erent activities are inextricably
laden with norms, values, and moral assumptions [46]. Therefore,
designed things can be regarding as relationally shaping our moral
agency [84]. In our work, we situate this relational ethical agency
as emerging from how technologies shape our ethical sensibilities
and embodied capacities to sense and act.

2.2 Felt Ethical Sensibilities
Felt ethics posits that embodied ethical knowledge is deeply grounded
in our bodies, which enables us to cultivate ethical sensibilities
through bodily engagement and lived experience [28]. Instead of
considering ethics as a detached or separate set of rules or guide-
lines, felt ethics focuses on how we make sense of situations and
take embodied actions, often in situated and pre-re�exive situations
before deliberate re�ection [28]. Felt ethics argues that, through
practical somatic engagement, detailed analysis and critique, it is
possible to cultivate ethical sensibility and enhance ethical agency.
Felt ethics views the cultivation of sensibility and its subsequent
agency as deeply relational its constitution, which includes being
shaped by interactions with technologies. This approach to un-
derstanding ethical agency aligns us with enquiries that explore
how embodied relations emerge between humans and technolo-
gies, such as intercorporeality [75], attunements [16, 82] or cor-
respondences [71]. Our work is closely related to research into
intercorporeal human-technology relations. Intercorporeality holds
that communication and meaning-making are situated in the ex-
change between our bodies and the surrounding world, including
the technologies inside that populate it [54]. This could be under-
stood as a bi-directional exchange between the sensing body and
sensed things � in this case, machines � that generates embodied
understanding [53]. Here, we highlight the work of Eriksson and
colleagues who demonstrate that developing intercorporeal under-
standing of machines enhances our ethical understanding of risk,
safety and caring for others within interactions [17, 18].

Our interest lies in how our ethical sensibilities prompt us to act
and guide the actions that we take within situated human-machine
interactions. This could include, for example, our capacity to per-
ceive if some action is required from us and sensitivity towards how
we might respond in situ. In other words, we understand bodies as
enacting capacities to sense and act within a human-machine inter-
action to meet the ethical demands as they are made of them. How-
ever, machines generally demarcate the possibilities available to
bodies to sense and act within an interaction [79]. This shapes how
bodiescanexercise their capacities for sense-making and action-
taking, and by extension, their agency to act or respond ethically.
For example, we point to the situation where a professional dancer
improvised with a robotic arm. Though they exercised great em-
bodied expertise to care for both the robot and dance partner, the
robot shuts down without warning and hinders their capacity to
exercise their ethical sensibilities and practice responsibility [26].
Additionally, we highlight two examples of crashes involving robots
and drones, where their respective operators could not avert the im-
pending crashes because of confusion over the handheld controllers
[57, 61]. As such, we are motivated to explore the embodied consti-
tution of ethical agency between bodies and machines more deeply.
However, interactions are not static, wherein the possibilities for
sense-making and action-taking remain constant throughout the
exchange [79]. For example, research by Gemeinboeck and Saun-
ders explores how intercorporeal resonance between humans and
machine-like robots dynamically generates new interactive possi-
bilities [31]. Therefore, to investigate how ethical agency emerges
between bodies and machines, it is necessary to break down how
an interaction unfolds.
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2.3 Recon�gurations of Ethical Agency
We draw on two posthumanist perspectives to structure our anal-
ysis of human-machine interactions, to better understand (i) how
ethical agency is shaped by the changing possibilities sense-making
and action-taking throughout an interaction, and (ii) identify mani-
festations of the shaping of ethical agency. We connect to Barad's
agential realism which, due to its explicit focus on matter and
embodiment, is helpful for thinking through the co-constitutive re-
lationship between bodies and designed things [66, 77, 78]. For our
purposes, we think with Barad's notion of intra-active agency [4]
for structuring the relationship between the possibilities for sense-
making and action-taking within an interaction and the ethical
agency that emerges from that interaction. Within a body-machine
encounter, a machine (i.e., an apparatus) o�ers opportunities for
sense-making (i.e., epistemic opportunities) and action-taking (i.e.,
possible recon�gurations), which give rise to di�erent (i.e., onto-
logical) ways of being in the world. In other words, we sense and
act within an interaction, doing so changes the interaction, which
in turn, changes what we are able to sense and act upon within the
interaction. Agency, to paraphrase Barad, is situated in theprocess
of this ongoing recon�guration [3, p.818]. In this process, ethical
obligations are continuously created and responsibility is contin-
uously requested from us. This has led Fuchsberger and Frauen-
berger to argue for a re-conceptualization of responsibility within
human-technology entanglements than is relationally produced
within human and non-human assemblages [23]. Participation in
these entanglements implicates us in doing responsibility [23], or in
other words, cultivating our capacities for such �response-ability�
towards the other parties within these entanglements [5, p.208].

Here, we are interested speci�cally in examining how the shifting
possibilities for sense-making and action-taking shape our embod-
ied capacities for such response-ability, using the lens of ethical
sensibilities. Therefore, we must identify manifestations of this mu-
tual shaping and attend to how they change throughout this process
of recon�guration. As such, we connect to Introna's four proposed
�gurations of sociomaterial moral agency between humans and
technologies [43, p.41]. First,a�ordances and prohibitionsrefer to
how one might interact or imagine interacting with artefacts, which
we take to include the interactive possibilities for sense-making
and action-taking that are available (or not) within an interaction.
Second,(cyborg) identitiesdenote how artefacts enable or constrain
the assumption of di�erent roles or ways of being, which we take
to include how machines shape how bodies must assume di�er-
ent roles. Third,(cyborg) practicesindicate how artefacts enable or
constrain actions and doings, including how machines shape how
embodied action must be taken to ful�l di�erent responsibilities.
Finally, discoursesrefer to shifts in how we discuss or consider
those interactions, identities and practices, which we take to en-
compass the interpretations and meaning-making processes that
arise from these embodied interactions. These �gurations make
it possible to identify changes in the interactive possibilities, the
assumption of roles, the action taken to ful�l responsibilities and
meaning-making process that unfold throughout each stage of the
interaction. Therefore, we can interpret how ethical sensibilities
are being shaped.

Finally, each stage of recon�guration also enacts boundaries,
proprieties, and meanings [4, p.392]. These interactive processes
of recon�guration are fundamentally ethical engagements as they
always bring di�erent ways of being in the world into fruition.
From this perspective, we might consider all interactions between
humans and machines as ethically pertinent. However, we present
examples of intimate human-machine embraces as they explic-
itly bring bodies and machines into close quarters, and therefore,
present a visible and tangible context in which to examine the emer-
gence of these ethical relations between bodies and machines. As
we will argue in our discussion, doing so is important for deepening
our understanding of how technological non-neutrality � or power
� is enacted upon bodies and shapes human-machine ethical agency.

3 RESEARCH CONTEXT: EMBRACE ANGELS
Embrace Angelsis an ongoing artistic-scienti�c research project
directed by Lancel/Maat in conjunction with the University of Not-
tingham. The project brings together perspectives from media art,
science, design, technology and philosophy in order to explore em-
pathy between people and robots, the role of robots and embodied
arti�cial intelligence in public interaction, and bodily perception
and touch between people and technologies. The ultimate goal of
the research project is to use the artwork as an interactive platform
to study people's experiences of embracing these machines, derive
insights into how to design physical contact with robots, and specu-
late on future human-robot relations. This situatesEmbrace Angels
against research which employs interactive theatre performances
as creative mechanisms for studying HRI [12, 38, 65]. The data pre-
sented in this paper was gathered during two three-day workshops
that took place in October 2024 and January 2025 as part of this
project. During these initial workshops, the team explored potential
ways of staging the performance through practical and embodied
experimentations into di�erent ways of embracing robots. Here,
we o�er a brief description of the background and motivation of
this artwork to add context to these human-machine encounters.

Lancel/Maat's artistic practice centres on creating public inter-
active media art installations that can be toured to galleries and
festivals. Their portfolio of artworks explores the experience of
intimate and empathic connections in a socio-technical world, for
example, mediating touch between peoples' faces and visualising
EEG data captured when kissing [50]. They approached the research
team with a proposal to create a new interactive performance instal-
lation centred on embracing robots. The research team presented a
selection of di�erent robots available in the Cobot Maker Space at
the University of Nottingham, including humanoids, zoomorphic
robots and robot arms. After re�ection, the artists rejected the idea
of mimicking human embracing, a common pre-existing approach
in social robotics [11, 55, 89]. Instead, they elected to work with
existing industrial robots that were non-humanoid in form and not
overtly designed for such use [1, 67]. Our focus narrowed to two
ethically evocative and aesthetically compelling machines. First,
the Boston Dynamics Spot Quadruped2 is considered a military
robot, and the act of embracing this machine elicited questions
about risk, consent and bodily vulnerability, while inviting consid-
eration as to whether such robots could instead act as empathetic

2https://bostondynamics.com/products/spot/



Ethical Capability: Examining Relational Processes of Human-Machine Reconfiguration

partners. Second, the Franka Emika Robotic Arms3 are industrial
robots traditionally used for monotonous and standardised man-
ufacturing tasks which can be evocatively contrasted to the �uid,
dynamic and subjective interaction such as an embrace. The act
of bringing these machines into intimate contact with the human
body is intended to highlight and, at the same time, subvert their
traditionally associated values, evoking questions about otherness
and whether we consider bodies very di�erent than our own as
being worthy of empathy. In this vein,Embrace Angelsis an exam-
ple of how performance art can be utilised to explored our ethical
relations to robots [32, 33]. For our purposes here, this research pro-
cess generated a rich dataset of body-machine interactions where
humans and robots approach each other and then embrace. Thus,
it o�ers a unique opportunity to examine the process of ethical
sense-making, action-taking and recon�guration that unfolds dur-
ing these intimate encounters. Though our motivation aligns nicely
with the overarching goals of the project, the speci�c scope of
this paper encompasses a �ne-grained ethical analysis of di�er-
ent human-machine embraces that occurred during this research
project.

4 METHOD
Here, we outline (i) our methodological approach, (ii) the compo-
sition of the research team, (iii) the research process and (iv) our
approach to data gathering and analysis.

4.1 Performance-Led Research
Embrace Angelsadopted a performance-led methodological ap-
proach, wherein researchers engage closely with artistic processes
with the goal of informing HCI research [8]. Our approach shares
characteristics with research through design [62,90] wherein knowl-
edge is generated through designing, making and deploying arte-
facts [19] or � in the case of performance-led research � creating,
performing and engaging with an audience [8]. These processes are
highly exploratory and produce novel ideas, concepts, and meth-
ods for HCI [8], as well as intermediate level knowledge that can
inform design [41, 52]. This approach has been shown to provoke
our existing conceptual understandings and established ways of
interacting with robots [7], generating various insights into design-
ing multispecies interaction [68]; interdisciplinary ethical tensions
in interdisciplinary research [10]; and novel ethical practical and
procedures [25].

4.2 Research Team
During this early stage of the project, the core research team was
composed of ten artists and researchers, though other people oc-
casionally visited the workshops. During this early stage, team
members acted as participants in the process, with the artists pre-
ferring to experience the embraces themselves in order to direct the
performance, and occasionally observe the possible performances.
In Table 1, we highlight the members of the team who are explic-
itly named in our analysis. Other members of the research team
were present during these situations, but do not directly appear
in our data as they had assumed di�erent responsibilities such as
operating video cameras or gathering �eld notes in these instances.

3https://franka.de/documents

Name Position Experience
Karen and
Hermen

Artists 30 years of
experience
creating artworks
with digital
technologies, but
not robots.

Steve Professor in
Human-Computer
Interaction

5 years of
experience
working with
robots

Gabriella Professor in
Performance and
New Media

Has written about
robotic
performance but
no practical
experience of
robotics
experimentation

Simon and
Dominic

Software engineers Strong technical
familiarity
working with
robots

Rachael PhD student in
Interaction Design

Conducting PhD
studies related to
robotics

Table 1: Featured Members of the Research Team

4.3 Research Process
4.3.1 Somatic Explorations.We began by engaging in the expe-
rience of embracing � without technology � to create a shared
understanding of embracing. We explored how we would normally
embrace each other, which elicited re�ections about our personal
or professional relationships, how a desire to embrace is indicated,
the role of gender or other bodily di�erences in embracing, and
how embraces carry di�erent emotional or cultural signi�cance.
Following this, we defamiliarised the experience of embracing, for
example, by approaching each other extremely slowly to create
discomfort or tension [59]. These exercises generated discussions
concerning our habitual ways of embracing and drew our attention
to how we moved in relation to one another. Finally, we explored
props as a mechanism of estranging the experience, by wearing
glasses that obscured our vision, distorting our view of the other
person. This led to re�ections around the body act as a somatic
guide, shaping our experiences of security, comfort and connection
within the embrace.

4.3.2 Explorations with a �adruped Robot.The artists selected
Boston Dynamics Quadruped Robot Spot as a potential technol-
ogy to use in the artwork. We �rst received safety instructions
regarding the robot. This included not putting hands or �ngers
into the robot's exposed joints and how the robot might move to
rebalance itself if we leaned on it too strongly. We investigated how
to embrace the robot; how to encircle the robot with our arms given
the shape of its body and restrictions concerning where it could
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Figure 2: Examples of Explorations with Quadruped Robot: 1: Embracing the robot. 2: Embracing the robot with soft in�atables.
3: Blocking the robot's path. 4: Escorting the robot.

Figure 3: Examples of Explorations with Robotic Arms: 1: Embracing the robot arm. 2: Receiving a recorded embrace. 3: A
group embrace with one robot arm. 4: a group embrace with two robot arms.
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Figure 4: Breaking Down Each Human-Machine Encounter

be touched. Then, we experimented with extending parts of the
robot's body with softer extensions such as in�atables and fabric
covers, as a means of o�ering more possibilities to grasp and put
weight on the robot. Finally, we explored bringing possible group
dynamics to the embrace. These experiments proved some of the
most aesthetically compelling. We experimented how we might
utilise autonomous behaviours to create interplay between us and
the robots. For example, we tested scenarios where the robot was
programmed to walk to a point in the room, and we used our bodies
as obstacles to redirect it towards a person to embrace, or where
our role was to escort the robot towards the embracer (See Figure
2).

4.3.3 Explorations with Robotic Arms.The artists also selected two
Franka Emika Robotic Arms as a second candidate for the artwork.
Again, we received safety instructions regarding the robot, such
as taking care not to get hair, loose clothes or jewellery caught in
its joints. We experimented with wrapping the robot arm around
our waists or torsos, and having the robot stroke our backs, and
then explored the potential of recording embracing movements on
the robot and playing them back. Once this proved successful, we
tested how one person might record a embrace, which would then
be received by another person. As with the Spot robot, we found
the group embraces the most experientially powerful. We then
tested di�erent con�gurations of multiple people and robot arms
embracing together. For example, we tested how one person might
be embraced by two robots and how two people might embrace
and the robots would join. We introduced the idea of having two
human embracers allow others to control their arms. This was so
that the embracers surrendered some element of control, creating
an element of tension to the performance and mirroring how the
robotic arms are also controlled by others. In our most complex
con�guration, we had a total of eight parties � six people and two
robots � participating in a group embrace: two embracers, two
people to control their arms, two robots and two people to control
the robots (See Figure 3).

4.4 Data Collection and Analysis
During these two workshops, we gathered approximately 6 hours of
video footage and 6.5 hours of audio recordings, including 3 hours
of re�ections and 3.5 hours of plenary discussions. We began with
110 video clips (2-15 minutes in length), including 65 clips showing
one or more human-robot embraces (35 with the Spot Quadruped
robot and 30 with the Franka Robotic Arms), as well as 6.5 hours of
transcribed discussions and 2000 words of �eld notes. We conducted
an initial pass of the data writing rich descriptions of each clip and
what, if anything, was discussed in the video. Then, we extracted
the clips explicitly showing embraces or direct re�ection on those
embraces, as opposed to tangential explorations or discussions.
This further narrowed the dataset to 72 video clips. The plenary
discussions and �eld notes were matched to the clips showing the
relevant embraces.

To structure this data, we grouped the videos based on the focus
of the exploration: 21 clips pertaining to embracing the teleoperated
quadruped, 19 clips pertaining to explorations where we recorded
and replayed embraces on the robotic arms, and 32 clips pertaining
to novel ways of embracing with robots, such as groups encounters.
At a high-level, we conducted an interpretative analysis of each
group of embraces [74]. We watched the video clips showing the
embraces and then examined the subsequent re�ections it elicited.
Many of the videos showed slightly di�erent variations of the same
embrace we had tried during our research process rather than to-
tally unique embraces. As such, we made note of the overarching
con�gurations of each embrace and the di�erent roles and responsi-
bilities entailed therein. Our focus narrowed to �ve body-machine
encounters; (i) embracing the teleoperated quadruped, (ii) attempt-
ing to record an embrace on the robot arms, (iii) recording and
experience an embrace with the robot arms, (iv) encountering a
breakdown in the process of embracing the robot arms, and (v) a
group embrace with the teleoperated quadruped. These �ve exam-
ples where chosen as they evoked strong re�ections concerning
embodied ethical sensibility and responsible practice [28].

We then analysed each encounter in further detail. First, we
applied Barad's notion of intra-active agency to break down each
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interaction into a process of recon�guration, i.e., a series of changes
to the arrangement of the interaction wherein the robot o�ers
opportunities for sense-making and possibilities for action-taking
[3]. Next, we applied an embodied interpretation of Introna's four
conceptions of socio-technical agency [43] to examine how ethical
sensibilities were shaped across each stage of this process. We
examined; (i) interactive possibilities for sense-making and action-
taking that were available (ii) how bodies assumed di�erent roles
(iii) the embodied action taken to ful�l di�erent responsibilities, and
(iv) the interpretations and meaning-making processes that arose
from each encounter. We provide an illustration to help convey
how these perspectives helped us break down each interaction (See
Figure 4). Finally, we condensed our analysis into a shorter narrative
of each body-machine encounter suitable for written presentation.

5 HUMAN-MACHINE ETHICAL RELATIONS
Here, we present �ve human-machine embraces which showcase
di�erent ethical relations that arose during our research process:
(i) constructive, (ii) reductive, (iii) compensative, (iv) counterpro-
ductive, and (v) resilient. In each case, we unpack the encounter
in relation to the ethical meaning-making process that arose from
each experience. We describe how felt ethical sensibility guides
sense-making and prompts action which recon�gures the encounter.
Each recon�guration changes the possibilities for sense-making
and action-taking that are available or prohibited, shaping how
bodies ful�l their responsibilities. Finally, we show how ethical
agency emerges within each human-machine relation.

5.1 Constructive Relations
First, we examine a simple embrace from early in our research pro-
cess to illustrate how ethical agency in constructed (Figure 5). Here,
Dominic assumes the role of robot operator and Karen assumes
the role of embracer. They are jointly responsible for creating the
embrace and ensuring it unfolds with care towards the di�erent
parties involved. In this situation, felt ethical sensibility guides the
ful�lment of responsibilities: it is not possible to ful�l these respon-
sibilities without enactingembodied capacities for sense-making
and action-taking within the embrace. Depending on the opportuni-
ties for sense-making and action-taking available in the robot, this
shapes how ethical sensibilities are practiced and responsibilities
are ful�lled.

Karen (F2:1) approaches the quadruped robot. Prior to this ex-
ploration, we attached soft in�atables to extend the robot's body.
This initially caused the robot to move in small unpredictable ways,
which we attributed to in�atables slightly interfering with the sen-
sors on the robot (F2:2). Therefore, Dominic must take care to
ensure Karen's safety during the embrace. He acts on an available
possibility to control the robots speed, moving the robot slowly
and carefully as it approaches Karen. In this recon�guration, the
robot supports Dominic in being a responsible robot operator. This
recon�guration also presents Karen with an opportunity for sense-
making: �it's so strange when it comes up to me, it has this movement,
you know, approaching.� (F2:3). Dominic then acts on the available
possibility to initiate the embrace and raises the robot's head to-
wards Karen. However, this rising motion executes more quickly
than the previous movements. This prompts Karen to recoil despite

making sense of the ethical signi�cance of the movement: �then
we meet and it o�ers itself� (F2:4). This recon�guration could be
regarded as a �ne-grained moment of ethical disruption wherein
Dominic's responsibility for caring for Karen is not supported in
the prede�ned execution of this command. Karen responds to this
invitation and leans down to reciprocate the embrace. However, do-
ing so places her body in an awkward position while her proximity
further interfering with the sensors on the robot (F2:5). This action
prohibits Dominic in further moving the robot without endanger-
ing Karen, as the robot might respond unpredictably. Having made
sense of this, Dominic acts both to maintain responsibility and
reciprocate the embrace. He acts on an alternative possibility avail-
able to him and directs the robot to rock Karen from side-to-side,
which Karen reciprocates: �through this movement, it really cuddles,
right? It's the rocking moment that I feel really, it takes me. I don't
do much other than [rock] and it takes me into this rocking moment,
which really take me away� (F2:6). Karen then breaks the embrace
and steps away (F2:7). This recon�guration permits Dominic to
move the robot again, and he directs it to retreat from Karen: �then,
I go back, and I suddenly see this totally weird thing [the robot] and
my mind cannot connect with what I felt and what I see afterwards�
(F2:8).

We might characterise this ethical relation asconstructive : eth-
ical agency is constructed through process of recon�guration. The
sense-making and action-taking necessary for Dominic and Karen
to ful�l their responsibilities is broadly supported by the robot as
an actor in the socio-technical encounter. Across each stage of re-
con�guration, embodied possibilities for ethical sense-making and
action-taking are continuously made available � even while some
are disruptive and others prohibited � which supports Dominic
and Karen's ethical sensibilities. In other words, this interaction
relationally empowers Dominic and Karen to ful�l their responsi-
bilities. Within this constructive relation, each party is constituted
as an ethically capable participant in this interaction; Dominic as a
responsible robot operator; Karen as reciprocal embracing partner;
and robot as an ethically meaningful social-technical artefact.

5.2 Reductive Relations
Second, we present an embrace where this process of recon�gura-
tion reduces, rather than constructs, such ethical agency (Figure
6). In this example, we explore how to record movements that can
later be replayed on the robot. Rachael assumes the role of robot op-
eratorand the role of embracer. She is responsible for ful�lling the
embrace, doing so without causing harm to herself or the robot, and
creating an appropriate embrace for the purposes of the research.
However, in this case, fewer opportunities for sense-making and
action-taking are made available in the robot, which impacts how
ethical sensibilities are practiced and responsibilities are ful�lled.

Rachael approaches the robotic arm (F3:1). However, it is not
immediately clear how to act upon the possibilities available in
the robot to initiate the embrace. She hesitates while she makes
sense of the robot: �it's weird to direct someone to hug you [...]
you hug pre-re�exively a little bit. You don't usually evaluate the
person's body� (F3:2). In this situation, it is unclear how the robot
might support Rachael in being a responsible robot operator and
embracing partner. After a moment, she acts to take hold of the
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Figure 5: A Constructive Relation. Frame 1: Karen approaches the robot. Frame 2: Dominic controls the robot, which is adorned
with soft in�atables. Frame 3: Karen examines the robot. Frame 4: Karen recoils slightly as the robot raises up. Frame 5: Karen
lowers herself into the embrace. Frame 6: Dominic prompts the robot to rocks Karen from side to side. Frame 7: Karen breaks
the embrace. Frame 8: Karen re�ects on her experience to the team.

robot and slowly wrap it around her body (F3:3). This recon�gures
the encounter, however, not in the way that Rachael expects: �there's
a little bit of trying to �gure out how to move the robot because, well,
I started moving it from [this joint], but it moved from a di�erent
joint than I expected it to move.� As a result, the robotic arm drops
lower than she intended. This presents an opportunity for ethical
sense-making on which Rachael acts by awkwardly reaching behind
her to correct the robot's position (F3:4). This opportunity arises,
not because it is actively o�ered, but rather because Rachael feels
the encounter is going wrong: �then I could see it faltering.� This
�wrongness� is determined by Rachael's felt sensibility towards how

an embrace should feel, and it becomes her responsibility to correct
the robot's position. This correction recon�gures the encounter,
however, no additional sense-making opportunities are actively
made available. Rachael again acts on her ethical sensibility towards
embracing and moves the robot up and down her back in a stroking
motion to a�ect an appropriate experience (F3:5). Again, this action
recon�gures the encounter, and again, no additional sense-making
opportunities are made available. After a few moments, Rachael
hesitates. She shrugs towards the rest of the team, questioning
whether she should end the encounter, before stepping away (F3:6).
This recon�guration does present a new opportunity for ethical
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