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Abstract— Robots have the potential to deliver very positive
impacts for society, however, it’s critical that in preparing for
real-world deployments, we recognize and take steps to mitigate
against the potential harms, both direct and indirect, that they
may cause. In this paper, we explore how the ethics canvas (EC)
and the ethical risk assessment (ERA) methodology defined
in British Standard 8611 can be combined to better align
robot technologies with ethics and their socio-cultural context
of operation. We illustrate this through a practical case-study
involving the real-world introduction of a disinfection robot to
a radiology department in a European hospital. Using the EC,
we identified 49 distinct ways that the technology was likely
to impact key stakeholders and 11 ways that failure or misuse
of the technology was likely to impact service provision. From
this data, 8 mitigating measures were identified. Then, using
the ERA tool, 9 risks were identified that were considered to
represent a high likelihood of occurrence. From these insights,
a further 8 mitigation measures were proposed. The combined
use of both tools was found to be complementary, since the
EC fostered a bottom-up, subjective critical thinking process
whereas the ERA provided a broader, more top-down objective
view. This example provides a practical template for robotics
practitioners to better understand and manage the ethical
and socio-cultural dimensions of their work, and contributes
towards the standardization of ethical assessments in robotics
with an emphasis on the move from principles to practice.

I. INTRODUCTION

Hospital disinfection robots represent a fast growing new
category of service automation [1][2]. Their adoption within
clinical settings involves high operational and socio-cultural
complexity, especially given their potential for labor dis-
placement and the requirement to adapt workflows. These
factors require that the robot’s deployment is carefully
planned to mitigate potential harms and risks beyond tech-
nological operability, necessarily involving the socio-cultural
and ethical impact of such deployment. However, standards
and best practices in guiding the ethical use of hospital
disinfection robots, as well as other comparable robotic and
artificial intelligence (AI) technologies, is lacking given that
the rate of technological development in these areas tends to
be faster than the speed at which professional standards are
formed and harmonized. While companies using robots are
required to comply with certain legal requirements (GDPR,
HIPAA, etc.), these extend only to relatively narrow domains,
such as physical safety and personal data collection, and
provide less coverage against the potential for broader socio-
cultural impacts and even harms.
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Although it’s widely accepted that the research community
has an important role in the establishment of guidelines
concerning the use of robots and Al technologies, detailed
discussion of applied ethical issues often remains absent from
technical publications [3]. Calls for greater ethical oversight
of the design and use of Al have been increasing, driven
by growing discourse around ethical dilemmas of Al [4]
and awareness of harms arising from misuses of Al due to
factors such as unbalanced data [5] and bad data curation [6].
Examples of harms include structural inequality [7], labor
devaluation [8] and unemployment [9], and even weaponiz-
ing of Al systems, including robots [10]. It is particularly
concerning that vulnerable groups and populations tend to
be disproportionately affected by misuse of AI [11]. This
problem extends into robotics where it has been observed
that the socio-cultural and ethical implications of use-cases
have often not been fully considered [12].

The lack of best practices to align the design of robots
with socio-cultural values and ethical principles presents a
significant barrier to the responsible development of robotics
technology. In this paper, we set out to address this problem
by exploring how two established tools for guiding ethical
technology development, the ethics canvas and ethical risk
assessment, can be harnessed in a systematic way to help
robotics development teams identify and mitigate against a
wide range of ethical risks, including socio-cultural factors.
Through a case-study based on a real-world hospital dis-
infection robot application, we explore how the framework
can be used to identify and mitigate against a wide range
of ethical risks, including socio-cultural factors, while re-
maining accessible to practitioners that may not identify as
experts in applied ethics. The paper is therefore of direct
interest to researchers and practitioners whose work involves
the deployment of robots, and of broad interest to research
ethics committees, scientific publishers, and standards orga-
nizations with responsibilities of overseeing ethical research
and development in robotics.

II. PRIOR WORK

In recent years, there has been considerable research
involving to the development of ethics guidance for robotics
practitioners. For example, a code of ethics has been sug-
gested by Ingram et al. which outlines seven principles that
robotics engineers should follow in their work [13]. A more
comprehensive code of ethics has been proposed by Riek et
al. based around the overall principle of “respect for human
persons, including respect for human autonomy, respect for
human bodily and mental integrity, and the affordance of all
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rights and protections ordinarily assumed in human-human
interactions” [14]. These codes of ethics, while useful in es-
tablishing an overarching ethical framework, provide limited
practical support and guidance to researchers involved with
explicit design, planning and execution of robots and robot-
based studies.

Some, albeit limited, efforts have been made to develop
more applied ways to incorporate ethical considerations into
the development of robotic systems. The first of these was
proposed by Van Wynsberghe and involved a method of
incorporating ethics into the development of care robots from
the early design stages [15] using a framework that involves
consideration of the context, practice, stakeholders involved,
the type of robot, and manifestation of moral elements.
While the method is said to offer a ‘step-by-step’, guide
to incorporate ethics during the design process, using the
framework mandates the involvement of a dedicated ethicist
which may not be feasible for many real-world robotics
teams. Furthermore, the only demonstration of its use in the
published literature involves hypothetical and retrospective
design cases, making its utility difficult to evaluate.

More recently, O’Brien et al. explored how the Ethics
Canvas, a collaborative brainstorming tool with the overall
aim to foster ethically informed technology design, could
be adapted to inform the development of a therapeutic
robot for children [16]. The Ethics Canvas is structurally
similar to Van Wynsberghe’s framework while being more
accessible to non-ethicists. However, since the tool focuses
strongly on the use context, ethical considerations pertaining
to the robot’s design that are less application specific (i.e.
environmental sustainability) may not be easily identified
using this approach.

There has been recent progress in the development of
professional standards concerning the ethical design of robot
systems [17]. Arguably the first is British standard BS 8611-
2016 (Robots and robotic devices: Guide to the ethical
design and application of robots and robotic systems) [18].
A key component within the standard is guidance on how to
perform an ethical risk assessment. This is elaborated in [19],
where a case-study of an ethical risk assessment is provided
based around a hypothetical robotic toy based loosely on a
robotic character in a sci-fi movie which, according to the
authors “is far more advanced in intelligence, mobility and
longevity than we can presently contemplate”.

Another standard that is of relevance to this research is
IEEE 7007-2021 (Ontological Standard for Ethically Driven
Robotics and Automation Systems). Despite being a new
standard, since it deals with ontology, the task of incor-
porating it within practical robot design workflow is not
straightforward.

III. METHODS
A. Methodology

We postulated that using a combination of the ethics
canvas and the ethical risk assessment defined in British
Standard 8611 (BS8611) offered a systematic way to gain
a deep understanding of the ethical and social impacts of a

robotic use case. The two methods were deemed to be com-
plementary since completing the ethics canvas is a bottom-up
process that focuses heavily on affected stakeholders and use
context, whereas the ethical risk assessment is a more top-
down approach which explores explicit aspects of the robot’s
design and aspects of operational deployment which may
not normally appear in an ethics canvas (i.e. environmental
sustainability).

Our ethical assessment was carried out in three stages. In
stage one, we completed an ethics canvas. Then in stage
2, we identified ethical hazards, harms, and risks using
the framework outlined in BS8611. In the third stage, we
examined the applicability of each hazard identified in the
risk assessment and considered whether (a) it had previously
been identified using the ethics canvas, and (b) a mitigation
measure proposed through the ethics canvas would mitigate
the risk associated with the hazard. New mitigation measures
were then proposed if they had not already been suitably
addressed in completing the ethics canvas.

The team conducting the study included two engineers
and a social scientist. One of the team members had prior
experience using the ethics canvas. To ensure that the ethical
risk assessment was implemented as intended in BS8611,
we familiarized ourselves with a worked use-case [19] and
corresponded with one of the co-authors of the standard,
who provided additional guidance on how to carry out the
assessment.

B. Ethics Canvas

The ethics canvas (EC) is a visual-linguistic tool that
captures key social and ethical impacts of a technology or
technology application. The EC (ver. 1.9 [20]) is structured
into nine ‘building blocks’ and is orientated to help answer
three basic questions: (1) Who might be affected by the
technology? [blocks 1,2], (2) What are the potential ethical
impacts for these people and groups? [blocks 3-8], and (3)
how can we address these ethical impacts? [block 9] [21].

C. Ethical Risk Assessment (BS8611)

The ethical risk assessment (ERA), as defined in BS8611,
is a formal method for identifying, analyzing, and taking
steps to mitigate against potential ethical hazards that may
cause harm to individuals, groups, or society. BS8611 com-
prises a set of 20 distinct ethical hazards' and risks, grouped
under four categories: societal, application, commercial and
financial, and environmental.

D. Use-case

The application we considered concerned the real-world
use of a disinfection robot in a hospital. This is a use-
case that the authors have prior experience with through
current research activities [22], [23]. The robot used in
the application was developed by Akara Robotics (Dublin,
Ireland). It decontaminates surfaces using germ-killing UV

IBS8611 defines an ethical harm as “anything likely to compromise
psychological and/or societal and/or environmental well-being” and an
ethical hazard as “a potential source of ethical harm”
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Fig. 1. Photo of the disinfection robot being used to decontaminate a
radiology treatment room.

lamps housed in a rotating vertical column. During operation,
the robot can move around the room autonomously and
by regulating the orientation of the vertical column, it can
control which areas of the room are irradiated. A photo of
the robot is given in Figure 1. The following assumptions
were made concerning the underlying use context:

o The robot is located in the radiology department and
used primarily to decontaminate CT or Xray rooms after
they have been occupied by an infectious, or potentially
infectious patient.

o The hospital allocates specific treatment rooms for
infectious patients. This is a practice which was intro-
duced during the COVID-19 pandemic and remains in
place at many hospitals at the time of writing [24]. This
means that, during the course of a normal day, the robot
is typically only required in 1-4 rooms.

e Prior to the introduction of the robot, room decontam-
ination was normally performed by an environmental
services worker employed directly by the hospital and
based within the radiology department.

o It is standard practice for environmental services work-
ers not to disinfect medical equipment in the room; this
is done by clinical staff, normally the radiographer. sev

o Radiographers and environmental services staff receive
training on how to use the robot and the standard
operating procedures to be followed.

e Only parts of the room that are within line of sight
to the exposed UV lamps receive UV irradiation. This
means that at any time during a disinfection procedure,
background UV levels are negligible in certain parts
of the room. This has been verified through empirical
testing.

o It is safe for staff to be present in the room when
the robot is operating provided they wear suitable (i.e.
UV rated) skin and eye coverings and follow standard
operating procedures.

« When being moved between rooms, the robot is escorted
by a member of the environmental services staff

o The hospital under consideration is a public hospital
based in the republic of Ireland.

IV. ETHICS CANVAS
A. Stage 1: Identifying Stakeholders

The first stage of the Ethical Canvas is concerned with
identifying key individual (block 1) and group stakeholders
(block 2). The purpose of this stage is to better understand the
people and groups who are likely to be most affected by the
introduction of the technology. We identified 13 individual
and 15 group stakeholders. These included a range of direct
users (i.e. environmental services staff, radiographers, robot
support staff), indirect users (i.e. radiology services man-
ager, infection prevention team, facilities team), and tertiary
users (i.e. hospital CEO/CFO, insurance company, healthcare
standards authority). Direct users were defined as those that
were required to directly operate the technology on a regular
basis. Indirect users were people that did not work directly
with the technology, but whose workflow was affected by its
use. And tertiary users were stakeholders with limited day-
to-day exposure to the robot, but would have an interest and
influence over its use.

B. Stage 2: Identifying Ethical Impacts

During the second stage, which considers blocks 3-8 of the
EC, potential ethical impacts for the different stakeholders
are captured. This involves firstly identifying the ‘micro’
impacts that influence the everyday lives of people using
and living with the robot. This part captured how peoples
behaviour may change because of the robot (block 3) and
also how relations between individuals and groups may
change (block 4). The analysis of the use-case revealed two
encouraging behavioural changes. The first was that since
the robot could autonomously decontaminate the room, it
may be possible to bypass the need for the environmental
services worker and reallocate their time to something else.
This would be beneficial to the hospital because it would
reduce downtime associated with waiting for cleaning staff
to arrive, and beneficial for the environmental services staff
as it would alleviate some of the pressure they experience.
The second benefit arises from real-time access to cleaning
tasks performed. Since the robot can digitally log when it
was used, facilities and infection prevention staff can conve-
niently monitor cleaning activities at the hospital, replacing
the current approach which involves collecting and analysing
paper check-sheets. Remarkably, the implementation of the
technology in this way is likely to lead to increase responsi-
bilities for radiographers, since they will need to learn how
to use the robot, adopt new operating procedures and wear
more PPE than may presently be the case. These anticipated
changes clearly mark a shift of workflow that involves a
restructuring of work practices on a micro level and that
are propelled by the deployment of the robot. Thus, they
are an ethical, socio-cultural concern that requires to be
not only addressed but also negotiated between the different
stakeholders involved.

Blocks 5 and 6 deal with potential ‘macro’ impacts. These
impacts extend beyond the level of an individual’s everyday
life and pertain to broader social structures. They consider
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(SUMMARY OF PROPOSED MITIGATING MEASURES USING EC AND ERA (ASTERISK ‘*’ INDICATES MEASURE ADDRESSED HAZARD SEPERATELY

TABLE I

IDENTIFIED USING ERA)

ID Proposed Mitigating Measure Source
1 Perform environmental sampling on a periodic basis to demonstrate efficacy EC*
2 Share feedback on improved standards and occupational safety with radiographers EC
3 Involve staff, especially direct users, in developments of new work practices EC*
4 Develop robot operator qualification to incentive up-skilling of radiographers and environmental services staff EC*
5 Develop and maintain clear communications pathway to unions, regulators, insurance agencies and other external stakeholders EC*
6 Monitor patient experience, especially during initial robot roll-out EC
7 Build trust by validating technology with independent labs EC*
8 Provide a service-based offering which addresses potential group conflicts and workflow disruptions EC*
9 Implement sensors to measure UVC output of lamps ERA
10 | Don’t record videos or images containing people ERA
11 | Restrict port access and perform regular pen tests to ensure security ERA
12 | Maintain transparency over what data is recorded by robot and make easily searchable ERA
13 | Require operation authentication to ensure only trained operators use robot ERA
14 | Record operator ID in digital cleaning logs ERA
15 | Ensure Akara retains ownership of robot at end-of-life to ensure recyclability ERA
16 | Implement EMS (BS ISO 14001) ERA

how the use of the robot may influence people’s worldviews
(block 5) as well as inter-group conflict that may arise as
a direct or indirect result of the technology (block 6). Our
analysis indicated that the technology had the potential to
affect the perspectives of users in a positive way. Firstly,
it could augment how environmental services staff view
automation, helping see it more as an enabler to change
work in a welcomed manner and less as a threat. Second,
the high value that could be unlocked by the technology
could help hospital management see the value in engaging
in innovation, motivating them to be more proactive in the
adoption of new technologies. Interest groups such as unions
and insurers may be confronted with the realization that
their traditional ways of doing things may not be consistent
with the changing times, and new procedures will be needed
to co-exist with technology and automation. Due to the
extent of workflow changes that the introduction of robotics
requires, we anticipated numerous potential conflicts between
the robot provider and different hospital stakeholders. Some
internal conflicts were also identified, such as tensions be-
tween hospital management and labour unions, and tensions
between infection prevention and radiology departments.

Finally, the remaining sections in stage 2 concern the
negative side-effects of robot failure (block 7) and misuse
(block 8). We identified that in the event of a critical failure,
this could lead to two adverse operational outcomes: (1)
procedures being cancelled or postponed arising from in-
creased room downtime (i.e. to accommodate longer manual
cleaning methods), and (2) high unscheduled demand for
environmental services staff arising from the technology
breakdown. We envisioned an alternative response scenario
where the manual cleaning process was shortened, which
may prevent cancellations, but would lead to a significant
occupational safety risk.

We also envisioned cases where the presence of the
robot might give staff a false sense of security, leading to
a reduction in the standard and frequency that necessary

manual cleaning was performed?. In addition, we identified
quality and safety concerns associated with (1) the prospect
of untrained staff operating the robot, and (2) the creation
of robotic protocols for using the robot in new parts of the
hospital without prior consultation with an expert in robotic
UV disinfection. In this view, the system breakdown is only
one potential failure while the circumstances of operating,
i.e. the need of appropriate training and context-specific
guidance, amount to an at least equally high risk of potential
failures.

C. Stage 3: Addressing Ethical Impacts

The final stage, presented in block 9, involved outlining
possible strategies to address the ethical and socio-cultural
issues that emerged in previous stages. These responses typ-
ically involve adapting the design of the system, or making
changes to how it is deployed and used in the application.
Based on the ethical impacts identified, several proposed
mitigating steps were identified (Table I).

V. ETHICAL RISK ASSESSMENT

When completing the ERA, we first evaluated the appli-
cability each of the ethical hazards listed in BS8611 relative
to our use-case, and the perceived likelihood of occurrence
(LO) if no action was taken. We rated the likelihood of
occurrence as being either low (L), medium (M), or high
(H). These findings, grouped under the categories of societal,
application, commercial and financial, and environmental,
are given in Tables II-V.

In the societal category (Table II), we determined that job
replacement was unlikely, since there will continue to be a
strong demand for manual cleaning to remove physical par-
ticulates, however, the introduction of the robot would likely
lead to some level of job disruption with the introduction
of new practices and workflows. We also recognized that
the robot’s sensors created a data security risk, especially
considering the fact that it may be co-located in a treatment

2Friction-based manual cleaning is still required to remove larger partic-
ulate matter i.e. dust, blood, dirt.
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room with a patient. Finally, since the UVC radiation is not
in the visual spectrum, an operator could be easily deceived
if the wrong lamp was fitted to the robot.

TABLE II
SOCIETAL HAZARDS AND THEIR PERCEIVED LIKELIHOOD OF
OCCURRENCE (LO)

ID Ethical Hazard

Loss of trust

Deception

Anthropomorphization

Privacy and confidentiality

Lack of respect for cultural diversity & pluralism
Robot addiction

Employment

TEEEZEECg

N O\ R W=

In the application grouping (Table III), we identified a high
possibility of misuse in the event that untrained operators
were tasked with using the robot. We also anticipated diver-
gent use and inappropriate “trust” if the hospital decided to
expand its use beyond the radiology treatment rooms it had
been optimized for without consulting an expert in automated
UV disinfection.

TABLE III
APPLICATION HAZARDS AND THEIR PERCEIVED LIKELIHOOD OF
OCCURANCE (LO)

ID Ethical Hazard

8 Misuse

9 Unsuitable divergent use

10 | Dehumanization of humans

11 | Inappropriate “trust” of a human by robot
12 | Self-learning system exceeding its remit

com e TS

When considering commercial and financial hazards (Ta-
ble IV), in addition to recognizing further impacts to employ-
ment, we identified that while the potential for the robot to
optimize its disinfection procedure over time using machine
learning was desirable, current environmental auditing proce-
dures (i.e. visual inspection) were not adequate to quantify
the direction of performance improvement, creating a risk
that performance could degrade over time.

TABLE IV
COMMERCIAL AND FINANCIAL HAZARDS AND THEIR PERCEIVED
LIKELIHOOD OF OCCURANCE (LO)

ID Ethical Hazard

13 | Approbation of legal responsibility & authority
14 | Employment issues

15 | Equality of access

16 | Learning by robots with behavioral autonomy
17 | Informed consent

18 | Informed command

rzzZemzg

In the environmental category (Table V), we identified a
relatively small risk due to lamps breaking since they contain
small amounts of mercury. A second, and more likely risk,
was that at their end-of-life, the robots would be sent to
landfill rather than appropriately recycled.

For each hazard that was determined to have a high risk
of occurrence, mitigation measures were identified. These

TABLE V
ENVIRONMENTAL HAZARDS AND THEIR PERCEIVED LIKELIHOOD OF
OCCURANCE (LO)

ID Ethical Hazard LO
19 | Environmental awareness (robot and appliances) H
20 | Environmental awareness (operations) M

are listed alongside recommendations produced by the ethics
canvas and illustrated in Table I.

VI. DISCUSSION

The application of the EC and the ERA led to sixteen
distinct measures to mitigate ethical risks associated with
the use-case under investigation. The first eight of these
recommendations originated from the EC and the remainder
came from ERA. Of the eight recommendations proposed
through the EC, six of them also addressed hazards that were
deemed to have a high likelihood of occurrence based on the
ERA. We do not believe this to mean that the ERA is the
better instrument, since it is not clear whether the ERA would
have led to the generation of the same mitigation measures.
A more appropriate interpretation is that there are important
areas where the ethics canvas does not provide coverage.
This is a natural consequence of a bottom-up approach
which has the benefits of obtaining a richer understanding
of relevant contextual factors but may miss broader or more
context independent issues such as environmental and data
security hazards. Similarly, the BS 8611 standard identifies
both likelihood of occurrence and severity as an important
criterion for ethical risk identification, however, it only
provides practical guidance on how to apply the former to
the ERA. Future work should address this limitation.

There are also more specific hazards which are somewhat
unique to robotics and Al technologies which were captured
using the ERA, such as the potential for user deception and
the negative impacts associated with autonomous systems
capable of self-learning. As such, the data clearly demon-
strates the two methods in their diverging approaches to
be highly complementary. While the ERA highlights the
structural framework and addresses general fields of risk
of a mismatch, failure or even harm, the EC allows to
open up ways of reflecting that forces the researcher to
take on the perspective of the potential user and to ask
the highly important questions of ‘who’, ‘with’, ‘what’,
and ‘how’ that are central to any kind of deployment of
a robot in a real-world setting. Further, it allows us to
grasp with socio-cultural complexities within one specific
context and given one use case example by working at the
hinge between socio-cultural structure (top-down method)
and socio-cultural practice (bottom-up method). Thus, this
identified complementary effect, indicates the need for such
cross-methodological approaches as presented in this paper.

On reflection, the biggest barrier to adoption for this
use-case may be resistance from radiologists, who would
be required to take on the most additional responsibilities
and training. Furthermore, radiologists have been reported
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to experience lower job satisfaction than other clinical roles,
and often report burnout [25]. There are three recommended
measures to mitigate this risk, namely (1) clearly communi-
cating how the technology will improve their occupational
safety. This will help address concerns shared by many radio-
graphers that their personal well-being as front-line workers
has been overlooked [26], (2) their involvement with the
development of new work practices helps ensure workflow
integration of the technology, and (3) the development of a
formal training program and qualification to help to motivate
and incentive the necessary up-skilling required.

The proposed ethical mitigation measures are multi-
faceted, involving updates to hardware (i.e. adding sensors
to empirically measure intensity and wavelength of UV
lamps), software (i.e. implement user authentication, update
data logging) and operations (i.e. designing of staff training
programs, validate efficacy on a periodic basis, involve staff
in development of new work practices). It was observed that
given the large proportion of operational changes needed,
this would pose a significant challenge for a company
involved with commercializing UV disinfection robots using
traditional capital equipment purchasing models. This could
potentially be overcome, however, if the company was to of-
fer a service-based model, as proposed in mitigating measure
8, which provided additional supports in these areas.

One way in which this paper builds on previous studies
is through grounding the application of the methods to a
real-world use-case in a sector that the authors have prior
experience and knowledge. While this has clear advantages
over considering hypothetical examples, there may be some
concerns that the findings may not generalize to other use-
cases. However, this is unlikely to be the case provided
there are no categorical differences in the type of robot
or application. For example, it’s likely that it would take
relatively little effort to update the respective ECs and ERA
to cover different application of a disinfection robot (i.e.
use in other departments or in another health systems).
Where categorical differences do exist, it’s possible that
large components of the EC (i.e. sections dealing with group
relations, worldviews, problematic use of resources) and
ERA (i.e. sections concerning topics of privacy, inappropriate
trust, environmental awareness) are broadly generalizable to
different use-cases, robot embodiments, and contexts.

We acknowledge that the proposed ethical risk mitigation
measures do not address all possible hazards. Furthermore, in
completing the ethics canvas, the data produced could not fit
within the single page that is recommended. Nonetheless,
should a new hazard emerge in the future, or a current
hazard cease to be one, both the EC and the ERA can be
updated, thus the proposed framework can be integrated as
part of a fluid and continuous development process, readily
adapting to changing circumstances over time. As such, it’s
use overcomes a big limitation of traditional ethics reviews
carried out by institutional review boards in a ‘snapshot’
fashion before deployment of the technology, and which fail
to incorporate valuable insights that might be generated from
on-going critical evaluation or from reflection.

Unlike traditional safety risk assessments, it can be chal-
lenging to determine the likelihood of occurrence of an ethi-
cal hazard using purely objective measures. For example, the
ERA identifies the tendency for a user to ‘anthropomorphize’
the robot as an ethical hazard. Ensuring ethical hazards are
appropriately accounted for therefore depends heavily on the
expertise, experience and make-up of the team performing
the ethical review, and regular periodic revision of the EC and
ERA based on insights from both qualitative and quantitative
evaluation. The process of applying and refining the EC and
ERA over a longitudinal period remains important future
work.

VII. CONCLUSIONS

This study set out to investigate if the combined use of
the ethics canvas and ethical risk assessment could support
robotics practitioners to ensure the ethical deployment of
a disinfection robot in a hospital setting. The use of both
methods facilitated deep consideration of the stakeholders
affected, potential ethical risks of socio-cultural harms (at
both micro and macro levels), potential consequences of
robot failure and resource demand, as well as possible
remediation measures.

The method proved to be accessible to non-ethicists, which
was evidenced by the fact that analysis was predominately
undertaken by engineers and social scientist with no formal
ethics training. Assembling insights through the application
of both methods permitted a holistic evaluation of the prob-
lem, and ultimately cumulated in a comprehensive represen-
tation of the ethical landscape along with a number of recom-
mendations to address key ethical issues. Findings from this
research could ideally contribute directly to the establishment
of best-practices concerning the use of disinfection robots in
hospitals and provides a useful demonstrator that motivates
adoption of the underlying approaches by other robotics
researchers, institutional review boards, funding agencies and
other stakeholders concerned with the ethical development of
Al technologies.
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ADDITIONAL MATERIALS

Copies of the completed ethics canvas and ethical risk
assessment can be downloaded from https://github.
com/Conor-McGinn/ethical_assessment
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