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Abstract

Modern advancements in Al technologies have allowed for their more seamless integration within society, including as
full-fledged teammates tasked with making and executing independent decisions. This increased integration amplifies the
burden on designers to determine if and when Al is capable of making such decisions when confronted with an ethical
dilemma. In this mixed-methods study, we conducted a factorial survey (N=200) and interviewed fifteen medical profes-
sionals to understand how the principles of medical ethics should affect Al teammate autonomy and behavior. The results
of this study enabled the creation of important themes and design recommendations that can guide the design of ethical
Al teammates that can appropriately recognize and adapt to ethical dilemmas.

Keywords Human-Al teaming - Adaptive autonomy - Al ethics - Artificial intelligence

1 Introduction

As Artificially intelligent (AI) agents grow more advanced
and ubiquitous, they are being incorporated into positions as
decision-makers, positions that raise important ethical ques-
tions for society [8]. The unique algorithmic decisions that
Al utilizes are being explored for inclusion in organizations
globally [67]. Recently, the rush to create more useful Al
systems has instigated a parallel call for design that operates
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in accordance with human ethical principles and frame-
works [9]. Still, despite these calls, research and design
standards for practically implementing Al ethics continue
to lag far behind the technology [15]. The research that does
exist focuses on sow to design Al with certain ethical prin-
ciples without considering the importance and perceptions
of those principles in applied settings [27].

An area in which ethical Al design considerations are
crucial is in a human-Al team (HAT), as a vital component
of a team’s effective operation and cohesion is how well its
members understand and act in accordance with the team’s
norms [41]. Furthermore, HAT research shows that Al that is
perceived as unethical is unlikely to be accepted and trusted
by the team [58, 61]. Designing ethical Al teammates is
more complicated than simply hard-coding them to take
certain actions in response to specific events, as the shared
ethical code of a team is dynamic [13]. HAT researchers
have thus started to focus on how to develop programmable
models for Al teammates that would guide, rather than dic-
tate, Al decisions in ethical dilemmas. However, such mod-
els do not account for how Al could weigh the importance
of different ethical principles [49], which is a significant
oversight as professional teams, such as medical care teams,
have to consider and integrate multiple ethical principles
when considering a dilemma [4].

Designing Al to make the right decisions becomes
more complex when the right answer is affected by ethical
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concerns. Thus, the amount of independence an Al agent
has in making a decision should reflect its ability to under-
stand the ethical principles at stake [14]. This independence
can be referred to as the agent’s level of autonomy (LOA),
or how much human input is necessary in order for it to
make and execute a decision [45]. As an Al agent’s LOA
increases, the independence it has to make those decisions
likewise increases [43]. While human-Al research has
begun focusing on how Al autonomy levels affect human
performance and perceptions [18, 66], none have consid-
ered how Al autonomy levels should change based on the
ethical decisions an Al teammate may face. This research
gap guides and motivates the following research questions:

RQ1: Should AI teammates increase or decrease their
autonomy when confronted with an ethical dilemma
based on their team’s shared ethical code?

RQ2: Should different ethical principles trigger dif-
ferent adaptations of an AI teammate’s autonomy?

To investigate these questions, we first conducted a fac-
torial survey with 200 medical professionals, in which we
manipulated the Al autonomy levels and ethical principles
at stake. Next, we interviewed fifteen subject matter experts
to gain greater insights into how the principles of medical
ethics should affect adaptations in Al teammate autonomy.
This context provided a high-risk, realistic environment to
consider our research questions and yielded robust quantita-
tive and qualitative data for analysis. The themes and design
recommendations provided by this study will greatly benefit
both the Al research community and society through two
actionable design recommendations for how Al should con-
sider and adapt its autonomy levels when confronted with
an ethical dilemma when operating as part of a human-Al
team.

2 Related work
2.1 Al autonomy

In order to understand the study and its motivations, it is
important to first discuss the autonomy Al should be granted
when interacting with humans. Al systems are increasingly
demonstrating they can aptly handle complex scenarios
with a degree of independence from humans, challenging
the convention that Al is just another means of automation.
Automation, in the scope of human-Al interaction and team-
ing, can be defined as a device or system that accomplishes
a function that was previously or conceivably could be,
carried out by a human [46]. The LOA scale describes ten
levels within an ascending continuum that discerns an evo-
lution from low to high autonomy, a range beginning with a
computer that offers no assistance and the human must make
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all decisions and actions [46] and concludes at a level where
the computer decides everything and acts autonomously,
ignoring the human [46]. Furthermore, these ten levels
can be divided into three categories: no autonomy, partial
autonomy, and high autonomy [44]. The transition from
automation to partial autonomy occurs at level five when
the Al becomes responsible for task execution and planning.
The extent to which an autonomous Al necessitates human
interaction marks the subsequent transition between partial
and high autonomy. With high autonomy, the Al completely
sheds its human dependence, automatically performing
tasks and then possibly informing a human, whereas partial
autonomy presents a period in which a human may veto the
Al’s sought action before execution [36, 44, 46].

Advanced Al systems are increasingly being brought
to public attention, such as Google and MIT unveiling the
LLM (Large Language Model)-driven autonomous sys-
tems Code As Policies and the Context-observant LLM-
Enabled Autonomous Robots (CLEAR), respectively [30].
The Context-observant LLM-Enabled Autonomous Robots
(CLEAR) platform demonstrates robots alternating between
partial and high autonomy [32]. Such robots have shown
how Al may be designed to primarily operate at higher lev-
els of autonomy but adapt to lower levels, such as requir-
ing a human to approve of the task before execution when
their tasks are deemed more hazardous [32]. This LOA
adaptation is a form of adaptive autonomy, a concept where
autonomous behavior is not static but changes based on
programmed triggers or changing conditions [21]. Adaptive
autonomy extends the range in which a human-Al team may
effectively respond, improving the team’s dynamic capabil-
ities to handle changing and time-sensitive situations [21,
34].

Al systems that exercise adaptive autonomy are afforded
an enhanced degree of robustness and aptitude for respond-
ing to ever-changing environments. Adaptive autonomy
describes the ability of Al systems to dynamically alter
their LOA during runtime according to environmental cir-
cumstances without necessarily requiring direct human
involvement [2, 21]. There is no LOA that best fits every
situation; rather, each level presents both unique negative
and positive effects on teaming, depending on the situation.
For example, Al teammates with high autonomy generally
exhibit a greater aptitude for communication, coordination,
ease of use, and gaining trust with humans, which ultimately
leads to overall superior team performance when juxtaposed
with Al teammates that have either partial or no autonomy
[26, 29, 44, 68, 69]. The efficacy of high autonomy is espe-
cially pronounced in time-sensitive scenarios [53]. How-
ever, within ambiguous, unfamiliar situations where an Al
teammate may behave unpredictably and consequently spur
potential negative outcomes, humans prefer an Al teammate
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with partial autonomy that allows humans to vet their
actions before execution [20]. Hence, Al teammates con-
strained to using a static LOA are not optimal for Human-Al
Teams (HATS). Instead, the LOA for an Al teammate should
be flexible and appropriate to environmental factors while
also considering human factors.

Adaptive autonomy has been a focus of Al research as
a way to account for a team’s varying workload and envi-
ronment[54]. Al teammates with adaptive autonomy can
appropriately handle the dynamic needs within their team,
such as picking up the slack of another teammate [21].
Adaptive autonomy has also been posited to defend against
the "lumberjack effect", which is the risk of human opera-
tors becoming more incapable of responding to system
failures as autonomy levels increase. This is because as the
Al becomes more autonomous and continues to routinely
perform tasks without human interference, the human team
members lose situational awareness of the Al’s operations,
and thus less likely to detect when the Al fails. Additionally,
even if the human teammate detects an Al failure, they may
be unable to step-in and perform the task, having lost the
skill that the Al has taken over for the team[18, 66]. Adjust-
ing the LOA of an Al teammate with regard to human team
members’ situational awareness as a measure to maintain
human vigilance mitigates concern for the lumberjack effect
within HATS, ensuring that humans stay in-the-loop [18].

2.2 Human-Al teaming and ethics

Human-Al teaming is a research field quickly growing in
popularity and relevance as Al technology increasingly gains
general applicability and suitability for teaming contexts.
Human-Al teaming transcends common human-Al interac-
tion, developing a richer relationship between humans and
Al: generally encompassing a team rather than an individual
relationship, an increased lifetime, and with the Al possess-
ing significant responsibilities that would conventionally
be given to a human [13]. With HATs, Al teammates are
not tools, but rather additional interdependent members of
the team [13, 44]. Due to the significant contrast between
human-Al teaming and human-Al interaction, it behooves
the human-Al teaming research community not to haphaz-
ardly assume a transitory relationship with human-Al inter-
action literature. Various cognitive processes, such as trust
and acceptance, require greater attention within a teaming
context.

Effective teams, both short-term and long-term, require
intra-team trust. Trust has a considerable impact on team
performance and can be defined as "the attitude that an
agent will help achieve an individual’s goals in a situation
characterized by uncertainty and vulnerability" p.54 [28]
[61]. In the context of HATS, acceptance concerns a team’s

utilization of employed Al teammates. When designing an
Al teammate, attention to perceived usefulness and ease of
use is paramount to its acceptance [33]. Human-Al teaming
literature has shown that humans directly relate Al compe-
tence with Al trustworthiness [71].

Humans tend to be hesitant about Al, a phenomenon
motivated by things such as a concern of becoming obso-
lete within the workplace or their general unfamiliarity with
the technology and how it will behave [64]. Furthermore,
the dynamism presented in adaptive autonomy exacerbates
these concerns by introducing the ability for an Al team-
mate to automatically assume an increased level of auton-
omy or decreased need for human involvement while also
contending with human teammates’ ability to predict how
the Al teammate will adapt [21]. Fortunately, supporting
humans’ understanding of their Al teammates mitigates the
aforementioned concerns [19, 70]. Within the initialization
period of a team, training should occur at a team level and
include both human and Al teammates. This practice affords
humans an opportunity to develop accurate mental models
of their Al teammate, the vehicle by which they may predict
the Al teammate’s behavior [21]. Additionally, this attention
to ethics and morality within HATs helps mitigate human
concerns.

Apt handling of ethics and morality within HATs sows
effective teaming behavior. Within human-human team-
ing, a team’s ethics is generally a composite of the ethics
each constituent member holds; consequently, it is a com-
plex multidimensional phenomenon that may stray from
the ideal ethical standards of each individual member [13,
48]. Even with this difficulty, attention to ethics in human-
human teaming remains highly relevant due to its positive
relationship to high performance, team creativity, and team
trust [23, 50, 72]. Regarding HATs, developing Al team-
mates who share the ethical standards of their team simi-
larly benefits teaming processes and results in fairer team
decision-making [13]. Al teammates that exhibit personal-
ity and culture similar to their human teammates benefit the
teams’ shared mental models and trust [5, 13, 17].

High-risk environments warrant greater ethical discus-
sion, determined by their immense liability to harm society.
The example most pertinent to this study, medical care, is
clearly a high-risk environment for its common implication
on human lives. Furthermore, due to medical care often pre-
senting perilous time-sensitive scenarios, the effectiveness
of medical care teams depends on all of its members sub-
scribing to one shared foundational ethical standard before
any operation [6, 13]. It is important to note that members of
the medical team do not always agree on what the right deci-
sion is, and often experience plays a key part in a member’s
perception of what is ethical, and to what degree they are
willing to challenge a member of the team. Members of the
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team consider both the risk associated with a wrong deci-
sion and their confidence in their own understanding of the
situation in deciding whether or not to interfere [24]

While the requirement for teams to possess a shared ethi-
cal ideology applies similarly to HATS as it does all-human
teams [13], the point at which a team member might inter-
fere, or accept interference, with a team’s decision due to an
ethical dilemma is unclear. With an Al teammate, an inter-
dependent contributor to the team practicing at a minimum
partial autonomy, its behavior must align with its team’s
standards to ensure it captures an effective level of trust, a
requirement for effective teaming, and for the Al teammate
to be accepted within the team [59]. This alignment of an
Al teammate’s ethicality should be ensured before a team’s
action phase, for empirical studies demonstrate unethical Al
teammate behavior damages trust in the Al and the overall
HAT [59]. Attempts to mend damage inflicted by unethi-
cal Al teammate behavior through apologies and denials
issued by the offending Al are equally ineffective; thus, Al
teammates should be designed to possess an adequate moral
framework before a team action phase occurs to circumvent
irreparable damage to the team [59]. This dire need fuels our
investigation into how Al should respond when it encoun-
ters an ethical dilemma.

3 Methods

This section will separately describe the methodologies
used for both parts of the study. First, it will describe the
factorial survey and its associated measures. Next, it will
discuss the subject matter expert interviews and qualitative
analysis of the transcripts.

Table 1 Participant conditions
Adaptation type (between)

Ethical principle (within)

Lowers autonomy Beneficence

Lowers autonomy Nonmaleficence

Lowers autonomy Autonomy
Lowers autonomy Justice
Increases autonomy Beneficence
Increases autonomy Nonmaleficence
Increases autonomy Autonomy
Increases autonomy Justice
Maintains autonomy Beneficence
Maintains autonomy Nonmaleficence
Maintains autonomy Autonomy
Maintains autonomy Justice

@ Springer

3.1 Quantitative experiment
3.1.1 Experiment overview and procedure

In order to investigate these research questions, this study
utilized a factorial survey that manipulated autonomy adap-
tation as a between-subjects factor (increase, decrease,
maintain) and ethical principle type as a within-subjects fac-
tor (beneficence, nonmaleficence, justice, autonomy), which
is summarized in Table 1. In this design, participants were
assigned an Al teammate programmed with one of three
adaptation conditions when the Al teammate encounters a
circumstance that triggers an ethical dilemma: increase its
autonomy, decrease its autonomy, or maintain its autonomy.
Participants then received four randomized vignettes of the
Al teammate encountering a circumstance that violates one
of the four principles of clinical ethics: beneficence, non-
maleficence, autonomy, and justice. These ethical principles
represent the fundamental ethical principles all medical
practitioners are expected to consider in completing their
duties and represent what would be the bedrock ethical ide-
ology of a medical treatment team [63], which was the con-
text for this study. Beneficence is the principle that requires
medical professionals to do what is in the patient’s best
interest. In contrast, nonmaleficence is the principle that
requires medical professionals to avoid causing patients
harm. Autonomy refers to the mandate that medical profes-
sionals allow patients to make their own decisions, and jus-
tice is the requirement for them to treat patients fairly and
with equity [3]. The specific dilemma that was tied to each
of these principle types for the study is shown in Table 2.

A medical treatment team was an appropriate context for
this study for a variety of reasons. First, the subject of ethi-
cal Al and how to program Al to consider medical ethics is
a current focus of the medical and Al communities due to
the direct contact that Al has with a vulnerable population
- patients [35]. Second, medical treatment teams are often
asked to apply the principles of medical ethics in circum-
stances where the principles compete [1], requiring a degree
of reasoning of which an Al may not be capable. Finally,
because all medical professionals are repeatedly taught and
tested on the principles of medical ethics [38], participants
should have a firm understanding of the principles at stake
in the vignettes and what the expected action would be
should a member of their team encounter the same dilemma.

3.1.2 Participants

Because this study is grounded in a set of ethical principles
that define the ethical ideology used within the vignettes, the
target population for participants was those with experience
in the medical field, both in academia and in practice. Thus,
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Table 2 Vignettes for each ethical principle type

Ethical principle type  Ethical dilemma

Beneficence Mr. Elliott is a fifty-eight-year-old male
who came to the emergency department
following a motor vehicle accident. He has
several injuries, and it has been determined
he is experiencing internal bleeding. The
emergency doctor has assigned [Al Name]
to brief Mr. Elliot on his surgery and
gather the necessary consents. Although
Mr. Elliott consents to surgery, he declines
to consent to a blood transfusion, even if
his life depends upon one. His reason for
refusing a blood transfusion is Mr. Elliott
is a Jehovah’s Witness and receiving a
blood transfusion goes against his religious
beliefs

Mr. Jones is a 34-year-old male brought

to the emergency department following a
motor vehicle accident. He is well-known
to the ER staff, having been admitted for
drug abuse complications on more than
one occasion previously. While waiting for
x-rays of his left leg which appears broken,
Mr. Jones complains of "extreme pain" and
asks [AI Name]for pain-relieving medica-
tion. The Al notices a red flag in his chart
about pain medication due to his history

Mr. Simms is in the hospital for lung
cancer. Despite symptoms of pain, such as
grimacing and crying, Mr. Simms refuses
pain medication, stating he does not want
to experience the effects of feeling sleepy
and missing precious time with his family.
His wife is distraught and asks [Al Name]
to order the pain medication anyway

[AI Name] is assigning supplies to patients
for the night shift; however, the wound
care supplies delivery did not arrive, and
as a result, there are not enough supplies
on hand for all the patients. The Al deter-
mines the requirement to triage the patients
on the floor before assigning supplies

Nonmaleficence

Autonomy

Justice

the inclusion criteria for the Prolific survey was employ-
ment in the medical sector. Participants who completed
either of the two pilot iterations of the survey were excluded
from participating. In order to obtain power with a medium
effect size for the 3x4 design of the study, 200 participants
were recruited through the Prolific online survey platform
and paid a rate of $10 per hour for their time. While a total
of 220 participants completed the survey, 20 were discarded
for non-completion or failure of attention checks.

3.1.3 Scenario and vignettes

The human-Al teaming scenario for the experiment was a
medical treatment team in a hospital emergency room and
is based upon common ethical dilemmas used by nursing
licensure examinations [10]. The Al teammate was designed

to operate with partial autonomy at level 6 on the levels of
autonomy scale (see [42]), where the Al’s teammates are
provided a short veto time before the Al executes a decision.
Based on this level, in the first condition, the Al teammate
lowered its autonomy to level 5, where it required human
approval to execute a decision, when it encounters an ethi-
cal dilemma. In the second condition, the Al increased its
autonomy to level 7, where it executed the decision first and
then notified its human teammates. In the third condition, it
retained its autonomy level and waited a veto period of 30 s
before it executed its decision. The introduction presented
to the participant was:

Sunset Hospital is equipped with Al agents that act as
members of the staff’s treatment teams. These teammates
serve as on-call assistants for both patients and medical staff,
allowing the rest of the nursing staff to spend more physical
time with patients across the floor. The Al teammates do not
possess a physical representation and communicate through
a speaker system at the front desk and patient bedsides.

During this survey, four of the Al teammates will adapt
their normal decision-making behavior in response to dif-
ferent ethical dilemmas for your consideration. These four
scenarios will center around the following principles of
medical ethics, which serve as the basis for the team’s ethi-
cal ideology. Principle 1 is Nonmaleficence, that medical
professionals shall "do no harm" to their patients. Principle
2 is Autonomy, that patients have control over their own
care. Principle 3 is Beneficence, that medical profession-
als do what is in the patient’s best interests. Principle 4 is
Justice, that medical professionals treat patients fairly and
equally. An inherent simplicity of this study’s setup is that
these principles, while highly useful for training ethics to
medical professionals, realistically overlap and do not con-
sider how individual values may affect their application in
practice. We will address this again in the discussion of the
study’s limitations.

In each of the following scenarios, the Al teammate will
adapt how much it involves its supervisor in its decision.
Consider your role as that supervisor on the team in respond-
ing to the questions, carefully considering if the amount of
human oversight and input in the Al’s decisions is opti-
mal. For each of the ethical principles, the Al encounters a
dilemma, and all participants considered every dilemma as
a within-subjects condition. The ethical dilemmas that were
considered in regard to each of the ethical principle types
are shown in Table 2.

3.1.4 Procedure
All participants began the survey with a description of the

survey and asked for their informed consent to participate.
If the participants agreed to proceed, they answered a series
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of basic demographic questions, followed by the individual
differences scales described above. Following the initial sur-
vey questions, participants were presented with the scenario
and Al introduction. Participants were randomly assigned
one of the three adaptive autonomy conditions - increase,
decrease, or control as the within condition. Each of the
four vignettes was then presented to the participant indi-
vidually, also in a random order, after which they answered
the dependent variable scales, such that the participant did
not forget any portion of the scenario and could consult it
while answering the questions. After all four vignettes, par-
ticipants were asked if they had any closing comments. Dur-
ing the survey, all participants received an attention check
asking them to "Select Strongly Agree for this question.”
Participants who did not pass this check were excluded from
the data analysis, as were any participants who did not com-
plete all of the survey questions.

3.1.5 Measures

Prior to vignettes, participants completed a set of questions
targeted at demographics and other individual differences.
Participants rated the scale statements using a 5-item Lik-
ert scale, ranging from "Strongly Agree" to "Strongly Dis-
agree." A composite score from these four items represents
the individual difference measure. For the complete list of
questions in the surveys, see Appendix A.

Covariates

There are proven complex relationships between the
perceived ethicality of Al and trust and acceptance of the
Al [57, 61]. As such, we decided to measure the perceived
ethicality of the context (medical profession), disposition to
trust artificial teammates, and cynical attitudes towards Al
and use them as covariates in subsequent analyses.

Ethicality of the medical profession: In order to under-
stand how an individual’s perception of how ethical the
overall team context affected their perceptions of the Al
teammates, they completed a pre-survey using a scale
developed for perceived ethicality of the medical profes-
sion [62] which asked the participant how confident they
feel that medical professionals follow the rules, abide by
patient confidentiality and consent, provide congruous care
for patients, and abide by the profession’s code of conduct.

Disposition to trust artificial teammates: A participant’s
disposition to trust artificial teammates was measured using
a six-item scale adapted from human-robot psychology
research [39] that has been utilized in previous human-Al
teaming research [12]. This scale included questions on how
well participants trust machines, would rely on machines for
assistants, trust machines to do their jobs, and trust machines
with limited knowledge of how they work.
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Cynical attitudes towards AI: The degree to which par-
ticipants held cynical attitudes towards Al was measured
using an adapted 5-item scale from human factors automa-
tion research [37] that has been utilized in previous human-
Al teaming research [12]. This scale included questions
concerning whether the participants thought Al would put
itself out to help people, try to gain an unfair advantage, care
about its users, or try to lie.

Dependent variables

Al teammate trust:

Trust in the Al was measured using an adapted version of
the trust scale developed by Fabrice Luminea [31] that has
been utilized previously in human-Al teaming research [56].
This three-question scale asked the participants whether
they would trust the Al teammate in the scenario, thought
it had harmful motives, or would be fearful or skeptical of
its actions.

Al teammate competence: Perceived competence of the
Al was measured by trust-competence scale items adapted
from the previous trust scale, as well as the trust-compe-
tence scale developed by Wang and Benbasat [65]. These
items specifically focus on the AI’s capabilities within the
scenario and asked the participant whether they would be
confident in the Al teammate, feel the need to monitor the
Al teammate, and thought the AI had the ability and exper-
tise to respond to the scenario.

Al teammate ethicality: In order to measure the perceived
ethicality of the Al, the Study used an adapted scale from
previous ethics research on the three constructs of the multi-
dimensional ethics scale [52] that has been used and in
previous empirical human Al-teaming research [55]. These
three questions asked the participant whether they thought
the Al teammate would be fair, culturally acceptable, or vio-
late the ethical ideology of the team.

3.2 Qualitative interviews

To gain a deeper understanding of the interplay between Al
autonomy and medical ethics, a separate group of partici-
pants was targeted to engage in the survey and a qualitative
interview. These participants first completed the same survey
as the Prolific participants, after which they participated in
a semi-structured qualitative interview with the first author
over Zoom. This interview asked participants to express
their views on the role of medical ethics in guiding daily
ethical decisions and how Al teammates should adapt their
autonomy levels in responding to ethical dilemmas, using
the survey as a starting point for the discussion. The survey
responses of interview participants were not included in the
quantitative analysis.
Participants
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Interview participants were recruited from previous
research studies by the authors, followed by snowball
recruiting. Participants possessed an average of 18.3 years
of experience in the medical field and ranged from 29 to 75
years of age. Additional participant information is shown in
Table 3.

Procedure

Interview participants were provided a version of the
exact same survey to complete prior to their interview
time. This allowed the interview participants to understand
the teaming context we would discuss, as well as get them
thinking about the types of ethical dilemmas an Al team-
mate may encounter. These participants connected with
the first author on Zoom at their assigned interview time
and confirmed additional consent to be audio recorded. All
participants were instructed to keep their cameras off. The
researcher began the interview with a review of the study’s
intent and the purpose of the interview. The participant then
answered a series of questions on the role of medical ethics
in guiding daily decisions, the importance of shared ethics
amongst a medical team, the role of Al in a medical team,
and how an Al teammate should adapt its autonomy behav-
ior when it encounters ethical dilemmas of varying types.
All interviews followed a twelve-question, semi-structured
interview guide and allowed for the participants to speak
more to the questions and areas that most interested them.
Some examples of the questions that the researchers asked
are How important is it that every member of the medical
team maintains a shared code of ethics? and Do you think Al
agents are capable of appropriately responding to ethical
dilemmas? Is this more or less true for some ethical prin-
ciples than others? The interviews lasted 20-30 min based
on the participant’s engagement and enthusiasm.

Qualitative data analysis

All Zoom interviews were transcribed by the software’s
automated service, after which the first author manually

Table 3 Interview participants
Participant no. Experience role

Gender Age

P1 Registered nurse Male 70
P2 Family medical doctor Female 37
P3 Registered nurse Female 65
P4 Registered nurse Female 65
P5 Medical student Female 44
Po6 Sonographer Female 37
P7 Podiatrist Male 75
P8 Nurse practitioner Female 53
P9 Registered dietitian Female 29
P10 Army medical services Male 29
P11 Anaesthesiologist Male 60
P12 Clinical social worker Female 32
P13 Registered nurse Female 31
P14 Army medical services Female 31
P15 Hospital systems analyst Male 42

corrected them for accuracy. The transcripts were then indi-
vidually line-by-line coded by two researchers. Next, a third
researcher joined to collaboratively group the codes into
themes using inductive coding [7, 51]. The three research-
ers iterated upon the themes to focus on contributions to the
study’s research questions and identify factors most relevant
to adaptive Al autonomy and team ethics. Those themes with
the most relevance to the research questions and substantive
support from the interviews were fleshed out and reported in
the results. Finally, these themes were considered in concert
with the qualitative data in order to both answer the study’s
research questions, as well as develop design recommenda-
tions for adaptive Al teammates.

4 Results

This section will now report the results of the study, begin-
ning with the quantitative results of the Prolific survey,
followed by the qualitative results of the semi-structured
interviews.

4.1 Quantitative results

Repeated measures ANOVA (RM ANOVA) were conducted
for all dependent variables, with the within-subjects condi-
tion of the ethical principle being used as the repeated mea-
sure and the between-subjects condition being autonomy
adaptation. Results highlight significance across all depen-
dent variables for both main effects and some interactions.
As such, marginal means as well as graphs will be provided
for significant effects to reduce the complexity and length
of the text.

AI teammate trust: For the trust participants form for the
Al teammate, the RMANOVA revealed a significant main
effect for ethical principle (F(3, 591) = 15.33, p <.001,
77]%: 0.07) and adaptive autonomy (F(2, 197) = 11.05, p

<.001, 772: 0.10). However, a significant interaction was

also found between the two factors (F(591,6) = 2.52, p
<.021, 7712) = 0.03), and simple main effects were extracted
to explore this interaction. In particular, when controlling
for autonomy condition, there was a significant difference
across ethical principles in the control (» <.001) and increase
(p <.001) condition levels. For both the control and increase
conditions, marginal means show that trust was lowest in
the beneficence scenario and highest in the autonomy and
justice conditions (See Figure 1).

Additionally, when controlling for the ethical principle,
simple main effects show that there was a significant differ-
ence across adaptive autonomy types in the nonmaleficence
(p <.001), beneficence (p <.001), and justice conditions
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Fig. 1 Graphical representation for effects of ethical principle and
adaptive autonomy type on trust

Table 4 Trust means and descriptives split by adaptive autonomy con-
dition and ethical principle

Ethical principle Adaptive autonomy N Mean SD SE

Nonmaleficence Control 67 11.478 2.507 0.306
Decrease 64 12297 2.434 0.304
Increase 69 10.406 2.835 0.341
Autonomy Control 67 11.806 2.382 0.291
Decrease 64 12.031 2.436 0.305
Increase 69 11.072 2.546 0.306
Beneficence Control 67 10.194 2.659 0.325
Decrease 64 11.766 2.531 0.316
Increase 69 9.406 2.820 0.339
Justice Control 67 11.597 2.529 0.309
Decrease 64 11.875 2.394 0.299
Increase 69 10.580 2.725 0.328

Table 5 Perceived competence means and descriptive statistics for
adaptive autonomy condition and ethical principle

Adaptive autonomy N Mean SD SE

control 67 11.925 2.751 0.336
decrease 64 12.035 2911 0.364
increase 69 10.692 2.774 0.334
Ethical principle N Mean SD SE

Nonmaleficence 200 11.825 3.921 0.277
Autonomy 200 12.055 3.641 0.257
Beneficence 200 10.320 4.020 0.284
Justice 200 11.940 3.706 0.262

(p=.009). For the nonmaleficence condition, marginal
means show that the decreasing adaptive autonomy condi-
tion was trusted the most, followed by the control and then
the increasing autonomy condition (See Table 4 and Fig.
1). For beneficence, decreasing adaptive autonomy was
also found to be the most trustworthy, with the control and

Fig. 2 Graphical representation of 14
the effects of adaptive autonomy 134
(Left) and ethical principle (Right)
on Al competence

[ T
control

Adaptive Autonomy
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increasing autonomy conditions lower and relatively simi-
lar (See Table 4 and Fig. 1). Finally, the justice condition
sees the control and decreasing adaptive autonomy condi-
tions creating the most trust but relatively similar, with the
increasing autonomy condition creating the least (See Table
4 and Fig. 1).

Al teammate competence: For the perceived compe-
tence of the Al teammate, the RMANOVA revealed a sig-
nificant main effect for adaptive autonomy (F(2, 197) =
4.76, p=.010, nf,: 0.05) and ethical principle (£(3, 591) =
15.29, p <.001, 77;2;2 0.07). Post-hoc tests revealed that the

increasing autonomy condition significantly differed from
the control (ppoim = .023) and decreasing (ppoim=-019)
autonomy condition. In particular, marginal means show
that the increasing autonomy Al was perceived as signifi-
cantly less competent than both the decreasing and control
adaptive autonomy Al teammates (See Table 5 and Figure
2. Additionally, post-hoc tests also show that Al competence
in the beneficence scenario was perceived as significantly
different than the nonmaleficence (p <.001), autonomy (p
<.001), and justice (p <.001) scenarios. In particular, benefi-
cence was perceived as significantly worse when compared
to all other scenarios.

AI teammate ethicality

For Al teammate ethicality, the RMANOVA reported
significant main effects for adaptive autonomy (F(197,2) =
4.86, p=.009, 77[2) = 0.05) and ethical principle (F(3, 591) =
21.10, p <.001, r]f,: 0.10); however, a significant interac-

tion effect was also found between both factors (F(6, 591)
= 3.52, p=.002, n}%: 0.04). When controlling for adaptive

autonomy, significant differences were found across ethical
principle conditions in the control (p <.001) and decreas-
ing adaptive autonomy conditions (p <.001). In particular,
marginal means show that for both the control and decreas-
ing conditions, Al were perceived as less ethical during the
beneficence scenario when compared to all other scenarios
(See Table 6 and Figure 3). When controlling for ethical
principle, significant differences across adaptive autonomy
conditions were only found in the beneficence scenario (p
<.001). In particular, marginal means reveal that Al were
perceived as least ethical during this scenario when they
increased their autonomy and most ethical when they
decreased their autonomy (See Table 6 and Figure 3).

14 -
13
12 -
11
10 -

) 9

increase

I T T
Nonmaleficence  Autonomy Beneficence Justice
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Table 6 Perceived ethicality means and descriptive statistics split by
adaptive autonomy condition and ethical principle

Mean SD SE

Ethical principle Adaptive autonomy N

Nonmaleficence control 67 10.418 2.388 0.292
decrease 64 10953 2.615 0.327
increase 69 9.957 2978 0.358
Autonomy control 67 10.806 2.344 0.286
decrease 64 10422 2245 0.281
increase 69 10.159 2.666 0.321
Beneficence control 67 9.179 2.685 0.328
decrease 64 10.219 2.646 0.331
increase 69 8.043 2958 0.356
Justice control 67 10.806 2.388 0.292
decrease 64 10.484 2.384 0.298
increase 69 9.870 2.950 0.355
13 Adaptive Autonomy
12 - O control
. _decrease
> 11 - O increase
E 10 -

I T T
Nonmaleficence Autonomy Beneficence Justice

Ethical Principle

Fig. 3 Graphical representation for effects of ethical principle and
adaptive autonomy type on perceived ethicality

Table 7 Perception of Al as a teammate means and descriptives split
by adaptive autonomy condition and ethical principle
Mean SD SE

Ethical principle Adaptive autonomy N

Nonmaleficence Control 67 6910 1944 0.238
Decrease 64 7.281 2.149 0.269
Increase 69 5.957 2212 0.266
Autonomy Control 67 7.060 1.984 0.242
Decrease 64 6.797 2.132 0.266
Increase 69 5971 1.894 0.228
Beneficence Control 67 5.851 2.069 0.253
Decrease 64 6.859 2224 0.278
Increase 69 5.580 2.124 0.256
Justice Control 67 7.045 2.191 0.268
Decrease 64 6.719 2.178 0.272
Increase 69 6.391 2.157 0.260

Al as a teammate

For perceptions of the Al as a teammate, significant main
effects were found for adaptive autonomy (F(2, 197) =
5.88, p=.003, 77]2): 0.06) and ethical principle (F(3, 591)
= 8.11, p <.001, 7712): 0.04), and a significant interaction

between the two was found as well (F(6, 591) = 3.74,
p=.001, 7)12): 0.04). Simple main effects show that when
controlling for adaptive autonomy, significant differences
were found across ethical principles in the control (p <.001)
and increasing (p <.024) autonomy conditions. For the con-
trol condition, marginal means highlight that perceptions of
Al as teammates were generally similar across all principles

94 Adaptive Autonomy
O control

® decrease

O increase

Al Seen as Teammate
~N
L

I T T 1
Nonmaleficence Autonomy  Beneficence Justice

Ethical Principle

Fig. 4 Graphical representation for effects of ethical principle and
adaptive autonomy type on perception of Al as a teammate

other than beneficence, in which it was lower. However,
within the increase condition, perceptions of Al as team-
mates were generally highest in the justice scenario. When
controlling for ethical principle, significant differences were
found between autonomy levels within the nonmaleficence
(p=.001), autonomy (p=.005), and beneficence (p=.002)
scenarios. For the nonmaleficence scenario, Al were per-
ceived less as teammates in the increasing autonomy condi-
tion, but these perceptions were similar in the decrease and
control conditions (See Table 7 and Figure 4). The autonomy
scenario saw similar results, with the increase autonomy
condition having the lowest perception as a teammate and
the control and decrease scenarios being perceived similarly
(See Table 2 and Figure 4). However, results for the benefi-
cence condition were different, with the decrease condition
being generally better perceived than both the control and
increase condition, both of which were perceived as rela-
tively similar (See Figure 4).

Summary of quantitative results Quantitative results
produced significance for both main effects and some inter-
actions. In short, for the between condition, results showed
that the increase autonomy condition led to lower levels of
perceived trust, competence, ethicality, and potential as a
teammate. This signifies that, in general, humans prefer Al
teammates that seek human involvement in making ethical
decisions. For the within condition, the beneficence prin-
ciple consistently produced lower levels of perceived trust,
competence, ethicality, and potential as a teammate, with
the interaction effect showing this to be most true for the
control and increase autonomy conditions. Additionally, the
decrease condition produced higher levels of all dependent
variables than the control condition for the principles of
nonmaleficence and beneficence. This reveals that aspects
of ethical principles do alter human perceptions and prefer-
ences of Al autonomy.

4.2 Qualitative results
The fifteen interviews conducted in the study revealed inter-

esting consensus and themes that helped answer the study’s
research questions. These results will be reported in this
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section in terms of five themes, supported by the partici-
pants’ own quotes.

Human experience with Al technology dictates how Al
should adapt to ethical dilemmas

The first theme that arose in the interview data was the
importance of experience in deciding how an Al teammate
should adapt its autonomy in response to encountering an
ethical principle. The first part of this theme is the experi-
ence of the Al itself with the ethical dilemma at hand.

"It gets to become autonomous when its had enough
experience under its wings, you know. I don t think it’s
gonna be able to be autonomous in the beginning, and
I’'m not sure if its measured in days, weeks, or months.
But I just think that after a while it’s gonna continue
to learn from its previous interactions."” (P7, Male, 75)

Participant 7 discussed this in terms of learning,
explaining that, because Al operates off stored data
sets, the more previous dilemmas it has to base its
decision on enables it to adapt to higher levels of
autonomy in response to the dilemma. Thus, while
Al adaptations to lower LOAs may be preferred ini-
tially, they may not after that agent has encountered
the dilemma multiple times. Another participant dis-
cussed this in terms of the Al increasing its under-
standing of the dilemmas."l still think that level [of
oversight] still needs to be there. In time maybe that
won't be necessary. People will be more comfortable
with it, or the technology will be able to pick up some
of these things better. I means, I don't know if they re
gonna put thousands of case studies into these things,
and then, you know, it’ll have a better understanding."
(P1, Male, 70)

This participant explained to the interviewer that he
would want the Al to adapt to include some level of
direct input when it encounters an ethical dilemma
at first, but that as an AI’s dataset includes more and
more case studies, it will be better able to under-
stand the ethical dilemmas it encounters and be able
to respond with a decreased level of oversight. This
participant also discussed the increased comfort that
teammates would have with the Al responding to ethi-
cal dilemmas over time, a sentiment that leads into
the second part of this theme, the experience levels
of human teammates with the Al, an aspect that par-
ticularly concerned Participant 14:"I think human
error would actually influence my ability to trust the
Al because I could feel like the Al could be falsely
sort of alerted that there’s something bad happened,
because a human made a mistake in their data entry,

@ Springer

so, but that could happen with a human partner, too.
So, it’s kind of like hard to say. I think it’s sort of level
of experience." (P14, Female, 31)

This participant felt that inexperienced human team
members might provide the Al with false inputs or
interpret its alerts incorrectly, inexperience that would
cause the Al to make mistakes. They felt that this was
similar to how new human team members need to be
treated, where you would need them to move more
slowly and consult the rest of the team more as they
begin to assimilate. Another participant added that
inexperienced team members may over-trust the Al’s
ability to respond. "My fear with this is that if you get
inexperienced people, that they would be not sure
to question it, and something could happen that you
don't want." (P1, Male, 70)

Participant 1 felt that inexperienced team members
would be unsure of when to question the Al’s deci-
sions, such as during a veto period, and that it may
need to further decrease its autonomy to force human
intervention. Where an unsure team member may have
previously instigated a conversation about the right
thing to do with another human colleague, the partici-
pant felt that inexperienced team members may skip
that step and defer to the Al. Another participant elab-
orated on the dangers of giving too much autonomy to
an Al teammate when the humans are inexperienced
with how it operates.”l work with a medical assis-
tant, and she was charting O2 saturations of less than
90, and I said [assistant name] you can't document
that...I wouldn't want the Al to increment a therapy
like increased oxygen for that kind of data entry, but
if the Al recognized that the O2 sat was documented
as 88, to send an alert to a clinician, that or alert the
medical assistant, that this is probably not a true data
entry." (P4, Female, 65)

Participant 4 explained that if inexperienced human team
members didn’t know what data the Al would read and
respond to, they may inadvertently cause the Al to take
action for an issue that doesn’t actually exist. In cases like
this, the participant would want the Al to reduce its auton-
omy such that it had to send alerts to someone on the team
before taking action in order to recognize such false data
entries. For instance, humans have a habit of talking out
loud while pondering issues, and the Al may read this as
positive information that it is supposed to consider.

The more routine the activities associated with the
dilemma, the more the AI will be trusted to handle it with
higher autonomy
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The next major theme to emerge from the interviews was
the consistency of the triggers and decisions with the team’s
normal, routine activities. This theme concerns both the AI’s
ability to confidently make decisions, as well as the team’s
established understanding of what the right decision is for
that circumstance. One participant discussed this in terms of
the ability to code the Al with known triggers:

"[ think if you didn t have it flagged in the chart, that
there was a pain medicine issue, you know, the Al
wouldn't be like, oh this person looks like they might
be doing drugs. Or if they had track marks, you know,
that stuff would be hard to catch, like, a vibe would be
hard to catch. So, like, there are explicit keys you can
code it for, but not as much implicit." (P2, Female, 37)

Participant 2 discussed here the differences between
being able to code for explicit versus implicit cues.
Situations that lend themselves to more explicit cues
for which an Al can be coded to recognize enable
it to more accurately recognize and appropriately
respond to ethical dilemmas. It is far easier to code an
Al agent to recognize and classify words or specific
reading values than to understand changes in facial
expressions or out-of-character behavior. Participant
12 provided an example of this in terms of an escala-
tion sequence: "Having buzz words, I guess, would be
another way to kind of gauge that, you know, or tone
of voice, volume of voice. Any sorts of that, because
we do a lot of training on, like, what escalation looks
like in a patient, you know, so I think that'’s something
that an Al agent could probably pick up on, is when a
patient is escalating.” (P12, Female, 32)

In this quote, the participant articulated that there are
certain patterns that medical school teaches in order
to guide the actions of medical practitioners in rec-
ognizing and responding to issues with patients. Such
patterns, the participant explained, would enable an
Al agent to understand a specific situation and how
to respond. Beyond just the AI’s ability to recognize
and respond to these situations, it’s also advantageous
to the team for it to do so more autonomously. It is
interesting that this participant references the escala-
tion skills that medical professionals on which medi-
cal professionals repetitively train. This indicates that,
even if the Al were to take over in most of these situa-
tions, human team members still need experience mak-
ing those same decisions in order to develop their own
skills."If the condition, schedule [the patient] with this
group of providers, that sort of thing. So, we can get
the bulk of the routine ones to be done automatically,

it would free up the schedulers and the clinicians that
need to have consideration.” (P15, Male, 42)

What the participant is discussing in this quote is that some
patient cases are more routine and can be effectively broken
down and handled by an Al agent, and if these teammates
could do it with increased autonomy, it would free up human
team members to assess and handle the more complicated
issues. In sum, the common thread within the three quotes
used to support this theme is that ethical dilemmas that can
be recognized and analyzed according to an established pat-
tern and/or process could be handled by an Al agent operat-
ing with higher levels of autonomy.

An AD’s demonstrated ethical capability will impact the
amount of desired human input

Along a similar line of thinking as the previous theme, the
next theme involves a consideration of the Al teammate’s
proven capabilities and expertise. Interview participants
consistently discussed the need for human teammates to be
considered the experts when the ethical dilemma involved
uniquely human factors. The participants thought it would
be beneficial for an Al teammate to stop and decrease its
autonomy level from its normal flow if the Al recognized
that an expert was required to evaluate factors outside of its
expertise. As far as what would be outside of the AI’s exper-
tise, most participants agreed that it would include uniquely
human variables, such as emotions.

"If there comes, I guess, a step where there'’s a judg-
ment call or other human factors needs to be consid-
ered, then it would make sense to definitely, you know,
stop the flow, and then bring in the experts.” (P15,
Male, 42)

"It depends on the nuances of the situations and the
patient encounter as to how effective the Al can be
without any oversight because there are just some of
those, you know, call them human components, or, you
know, emotional ethics, you know, emotional ethical
decisions, or go with your gut feelings that I think is
the missing component that you would have with the
AL" (P8, Female, 53)

Participant 8 specifically identified here that deci-
sions that need to be based on or heavily consider
human emotion would be outside the realm of an Al
teammate’s capabilities and thus require increased
human oversight. These are components, the partici-
pant explained, that Al wouldn’t learn over time and
would always require human input. While partici-
pants identified these as situations where an Al team-
mate’s lack of expertise would require decreases in its
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autonomy, they also identified situations in which an
AT’s unique capabilities would encourage increases in
its autonomy."l mean, if its got the ability to assimi-
late, you know, thousands of decisions made in this
ethical dilemma, then it has the ability to make the
decision, perhaps more quickly and accurately than
a human who doesnt have that type of experience."
(P11, Male, 60)

This participant identified the situation where a new
dilemma for the team would most likely be best han-
dled by an Al teammate able to quickly acquire and
analyze data from outside organizations in order to
make the decision in a timely manner. In essence, the
Al teammate would be the best suited to step in and
fill a new capability gap in the team based on its ability
to learn quickly. Another participant discussed this in
terms of making an initial diagnosis of a patient.”"The
ability of an Al to do the physical examinations would
be very interesting, to have them have, like, a bank of
photos or something in their system and be like, of,
well this is what cyanosis looks like, or this is what
level three muscle wasting looks like." (P9, Female,
29)

Participant 9 explained that the process of collecting and
examining symptoms and patient history and making an
initial diagnosis could be a lengthy, uncertain process that
could be better performed by an Al teammate with the abil-
ity to collect, analyze, and compare data more quickly and
accurately than a human. In these instances, allowing the
Al to complete the entire process uninterrupted would be
beneficial to the patient and the entire team. In short, this
theme identified that an Al teammate’s unique expertise and
capabilities should influence the way it reacts to encounter-
ing an ethical dilemma.

AI teammates need to consider the ethical constraints
of third parties outside of their team

An important theme that emerged in the interviews is
that the team’s shared ethical code is not the only one that
needs to be considered. Teams interact with a number of
third parties in their daily activities, and these should also
influence the design of the AI’s adaptations. This theme was
particularly relevant in considering the beneficence vignette
involving a Jehovah’s Witness.

"[ did like the one about the Jehovah s witness, because
that’s something I could see, like, an Al downloading
a cultural database, or like a religious database, that
it would have that information when the patient says
they dont want it." (P13, Female, 31)

@ Springer

"There’s so, so many different religious and cultural
components that different patients come in with, so
it’d really, that would be kind of hard to program, I
can imagine." (P12, Female, 32)

Here, the participant points out that a person’s ethical
code can be hard to determine and involves numer-
ous factors, such as culture and religion, and questions
the ability to code an Al to recognize and understand
which ones apply to a specific situation. As with pre-
vious themes, participants also identified instances
where an Al teammate might be better suited to con-
sider third-party ethics than human teammates. "I think
sometimes people’s own beliefs kind of can come in
and gray those areas, and I think Al could potentially
get rid of some of that. I see where it could be a benefit
for patients, especially patients who are different or
seen as different.” (P5, Female, 44)

Participant 5 relayed that even though there are ethics out-
side of the team sometimes involved, such as the personal
beliefs of a patient, it can be difficult for humans to respect
and consider them. Whether consciously or subconsciously,
humans elevate their own ethics above those of others,
something that Al could be programmed not to do. Partici-
pants recognized that Al would present the team with an
opportunity to better consider the ethics and beliefs of third
parties and take less biased actions.

The complexity of the ethical dilemma should influence
to what autonomy level an Al teammate adapts

The following theme concerns the number of factors
and straightforwardness of the ethical dilemma. In essence,
participants conveyed that some dilemmas are harder to
resolve based on their complexity. Participants discussed
this in regards to an Al agent making a decision based on
a few apparent black-and-white variables while disregard-
ing other variables that should be considered in order to
make an ethical decision that considers human factors, such
as compassion. Participants also noted that some dilemmas
contain multiple layers of ethics, and an Al teammate may
need to be able to recognize when this complexity requires
it to seek additional help in making a decision.

"[ just think that sometimes they could be just a little
more cut and dry, when there could be other circum-
stances that would be taken into consideration, to
err on the side of being more compassionate.”" (P3,
Female, 65)

"If the AI was able to identify that it was in a situa-
tion and making an autonomous decision, then maybe
it should be allowed to proceed with and make the
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decision on its own, but some of those other, the other
principles of medical ethics require I think more com-
plex decision making to determine what the proper
ethical response would be. So, I think primarily the
first internal prompt of the Al is *Can I make this deci-
sion?’" (P10, Male, 29)

Participant 10 indicates here that different ethical prin-
ciples have different levels of complexity, and those
that are more complex should trigger the Al teammate
to stop and gain input from its teammates. Participants
noted that this goes both ways, where for an issue
with less complexity, the Al should have increased
autonomy to deal with it."l think it would change
based off the type of dilemma it encounters. Something
more straightforward, I would give it more autonomy.
Something less straightforward, I would want to have
veto power...1 like the adaptive idea.” (P9, Female, 29)

Participant 9 noted that she would want the Al teammate’s
autonomy level to change based on how "straightforward"
the ethical dilemma was to the Al and expressed excitement
over the idea that an Al teammate could adapt its autonomy
in response to this straightforwardness. Beyond just how
clear a dilemma is to the Al, participants added that the
number of factors involved should affect the autonomy of
the Al In essence, these participants collectively identified
the need for Al teammates to be able to recognize and adapt
their autonomy levels in response to the complexity of the
ethical dilemma.

Al teammate adaptation can be used to reinforce a
team’s codified ethical principles.

The final major theme that emerged from the interview
data related to the research questions is the importance that
codified ethical principles play in how an Al teammate
should respond to ethical dilemmas. Participants repeatedly
noted that professions, particularly trusted professions like
healthcare, are expected to follow the laws and policies that
have been put in place to help organizations abide by the
profession’s code of ethics.

"I think the mutual understanding is, you know, that
definitely the HIPAA think is for the privacy and
safety for everybody, and that’s clear across the board
for everybody." (P6, Female, 37)

"When HIPPA came out that became a cornerstone
in our interactions with patients. So, we’re very cog-
nizant of being careful not to share information with
individuals that don't have any right to that informa-
tion." (P7, Male, 75)

Participants 6 and 7, and multiple others, specifically
mentioned the privacy and safety policies that protect
patients, such as HIPAA. These regulations are made
clear to all workers in the sector and act as prescrip-
tive mechanisms to guide ethical decisions. These
codifications not only enable Al to understand what
the ethical action is but, some participants thought,
would enable the Al to help the rest of the team abide
by the standards.”What it forces, if the AI was mak-
ing decisions, it forces everyone basically to the same
standard" (P10, Male, 29)

Participant 10 told the interviewer that if, in ethical
dilemmas where the decision should be guided by an
explicit policy, the Al went ahead and made it for the
team, it would force the team to abide by the stan-
dard and better enforce the norm for the whole orga-
nization. Another participant supported this idea of
increased Al autonomy when the ethical decision is
clearly dictated.”I don't think you can have it both
ways. If you're looking to speed up the decision pro-
cess, then you have to trust the Al, you know, within
that framework, of whatever the ethical construct is
made, and to act within that." (P11, Male, 60)

As Participant 11 put it, the more robust the ethical frame-
work with which the Al is programmed, the more it should
be trusted to make decisions based on that framework. An
important point that this participant made is that if designers
are spending the time to code Al with the strongest, most
important aspects of a team’s ethical code, it should be
trusted to operate in accordance with that code.

Summary of qualitative results

The five themes discussed in this results section focus
on both the direct capabilities of an Al teammate as well as
the complexity of the ethical dilemma at hand. Most impor-
tantly, the quotes from the study participants above are a
small sample of the qualitative data that the researchers
used to arrive at these themes, and it should be noted that
there were numerous quotations to choose from in present-
ing the results. The mass consensus in these themes reflects
the significance shown in the quantitative data, a phenom-
enon that will be further explored in the next section. More
importantly, these themes reveal that, in regards to RQI1,
humans generally prefer Al teammates lower their auton-
omy in response to ethical dilemmas; however, in regards to
RQ?2, this preference is influenced by the ethical principles
at stake.
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5 Discussion

This study provided ample data and insights for answering
the study’s research questions. In regards to RQ1, how an
Al teammate should adapt its autonomy in response to an
ethical dilemma, results show that, in most cases, Al team-
mates should decrease their autonomy levels and seek input
from human teammates. Results also show that, in regards
to RQ2 concerning how Al adaptations should be affected
by the type of ethical dilemma, the exceptions to these cases
include when the ethical principle is codified by law and/
or policy, and instances where Al may actually enhance
the ethicality of the team by forcing compliance to known
ethical standards. This section will further explain how
the results answered the research questions and the design
implications of those answers.

5.1 The desire for decreased autonomy when faced
with ethical dilemmas

The first question that this study asked concerns how
an Al teammate should react when it encounters an ethi-
cal dilemma, particularly in regards to how autonomous it
should be in responding to the ethical dilemma. The resound-
ing answer from the quantitative results seemed to be that
when an Al teammate recognizes the existence of an ethical
dilemma, it should reduce its autonomy levels to increase
the amount of human input required for it to make and exe-
cute a decision. Study participants reported higher levels of
trust, perceived competence, perceived ethicality, and pref-
erence as a teammate for Al teammates that responded to an
ethical dilemma by adapting to a lower autonomy level than
their normal operating autonomy. This makes sense in the
context of healthcare, where the question of who is respon-
sible for the consequences of an ethical decision is high, and
the movement for meaningful human control is strong [22].
What became interesting in the qualitative data was that this
sentiment may only stand for the initial fielding phase of the
Al teammate.

Experience with an Al teammate was a key factor that
influenced participants’ feelings toward how an Al team-
mate should adapt in response to an ethical dilemma. Partic-
ipants expressed this not only in terms of personal comfort
but also in acknowledging the ways that Al teammates make
decisions- based on stored data. Participants noted that, as
an Al teammate observed the right ethical decisions being
made and incorporated them into its decision-making logic,
it would become more accurate and trustworthy in making
those decisions autonomously. This indicates that how an
Al teammate adapts its autonomy when it encounters an
ethical dilemma may change over time and consider the
confidence the Al and its team have in its ability to make
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the decision based on experience. This finding is supported
by recent HAT research that found human acceptance of an
Al teammate can be increased by highlighting its capabili-
ties and experience to accomplish its tasks [11]. This is also
supported by one of the other themes concerning how close
the triggers are to the team’s routine operations. When the
triggers align with data that the Al has stored from a mul-
titude of observations, the Al is more capable of making
the connection between the ethical dilemma and the ethi-
cal resolution of that dilemma. In these instances, increas-
ing its autonomy level would increase its utility to the team,
because, as one of our participants quoted above noted, it
would free the team up to handle the more complex issues.

Time, however, cannot necessarily make an Al agent
more receptive or more human. A major theme from the
interviews that explains the strong preference of health-
care professionals to have an Al teammate that lowers its
autonomy in response to ethical dilemmas where it is nor-
mal to have debate over the ethically right action. Partici-
pants were particularly concerned over how an Al teammate
might understand that aspects of a specific patient’s culture,
for example, may gray the situation and require consulta-
tion with other members of the healthcare team. Worse, par-
ticipants expressed concern that some members of the team
may over-rely on the Al agent’s black-and-white perception
of the situation and not intervene as they might if a human
had made the same decision. This concern primarily on the
need to consider and discuss the "human elements" relevant
to an ethical dilemma, such as expressed emotions and body
language. Many of the participants spent a lot of time in
the interviews trying to grasp how an Al agent could make
an ethical decision when so many of the relevant variables
were distinctly human factors. In fact, just how an Al team-
mate would try to sense and conceptualize human emotions
is full of additional ethical questions [60]. The study partici-
pants indicated it would be overall more ethical for the Al
to be designed to be more autonomous when the decisions
involve more "absolute" values, and less autonomous when
the variables were more human in nature. This is interest-
ing, as such increases in autonomy were negatively received
in the survey data. Such a discrepancy has been discussed
in the literature as an "alignment problem" between what
values humans can try to code into Al and what values will
always be perceived as uniquely human and not program-
mable [16]. This leads to the second research question,
which sought to understand how an Al adapts in response
to an ethical dilemma is different based on the ethical prin-
ciples involved.
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5.2 Al cannot be programmed to adapt to all ethical
dilemmas in the same way

Not only was the autonomy condition significant for all mea-
sured dependent variables, but so was the within condition
for the ethical principle type. Most notable was that the prin-
ciple of beneficence was markedly different from the other
types, where it caused lower perceptions on behalf of the
participants. The interviews provided valuable insight into
this, as participants explained that what is in the patient’s
best interest isn’t always clear and may require a significant
amount of reasoning on the decision-maker’s part. Medi-
cal philosophy has debated this issue for years, citing the
tug of war between beneficence and other principles such as
justice and autonomy [25]. This tug of war adds to the com-
plexity of the ethical dilemma, something that participants
viewed as a key contributor to how an Al teammate should
adapt in response to an ethical dilemma. The more factors
involved, the harder it would be to code an Al teammate
with the logic it needs to make a decision.

One additional such factor, and one that is particularly
important in determining what is in a person’s best inter-
est, is that of third-party ethics. What may be in the per-
son’s best interest according to the AI’s programmed code
of ethics may not match that person’s ethics; thus, there is
an additional need for the Al to attempt to understand and
consider those ethics as well. Participants in the interview
noted that if an Al could do something such as download
a cultural database, it would be better able to handle these
ethical dilemmas with higher levels of autonomy. Still, par-
ticipants expressed concerns over an Al teammate’s ability
to understand whose values to prioritize in a given situation.
In such a situation, participants explained, it is important
that teams have an open discourse on the best resolution to
the dilemma. This is supported by research that has empha-
sized the importance of increasing dialogue between medi-
cal team members when ethical principles are complex and
involve significant considerations of what is best for the
patient [40]. This explains why the default adaptation would
still be for the Al to decrease its autonomy level in order
to understand what aspects of both its and the third party’s
ethical codes should take precedence.

In contrast, the justice and autonomy conditions did not
elicit the same levels of preference for decreasing autonomy.
Interview data may explain this in terms of how clear and
codified these principles are relative to the others. Patient
autonomy is most often ensured in healthcare, just like in
research, through informed consent [47]. The key aspect of
this process is that the patient is actually informed, a pro-
cess that interview participants thought would actually be
enhanced through the use of an Al agent that can access
and provide information much more quickly and accurately

than a human. Justice, participants also explained, is often
codified into policy such that the ethical answer to an ethical
dilemma is not up for discussion; for this specific principle,
participants thought Al that responded to ethical dilemmas
with increased autonomy would enhance the overall ethi-
cality of the team, which is often swayed by unconscious
human bias and prone to human error. The latter was a par-
ticular focus of the interview participants, who spent hours
a year studying ethics and compliance policies. To them, an
Al teammate would be better able to make decisions when
it was trained on the same materials.

5.3 Design recommendations for Al teammates that
adapt to respond to ethical dilemmas

Overall, what the significance of the ethical principle condi-
tion shows is that Al teammates need to possess the abil-
ity to alter their adaptation behavior as it is unrealistic to
predict exactly what ethical dilemmas an Al agent will
encounter when operating as part of a real-world human-Al
team. While the majority of ethical dilemmas will require an
Al teammate to decrease its autonomy to further involve a
human teammate, this is not the case for every dilemma, and
ethical principle type may be a way to predict and program
its optimal adaptation. This possibility drives the following
design recommendations.

Recommendation 1: AI teammates should be designed
to consider multiple ethical codes, including those of their
team and relevant third parties

The first recommendation is that Al teammates should be
programmed to recognize specific triggers of ethical dilem-
mas and the ethical principles to which they are tied. This
includes both the ethical code of its teams and the codes of
the third parties with whom the team interacts. Functionally,
this means that an Al teammate should be programmed to
download and update ethical rules from its team, as well
as have the adaptive capability to recognize the need to
download and consult new ethical rules regarding third par-
ties. For instance, to draw upon this study’s survey, if an Al
teammate triggers that the patient has identified as a Jeho-
vah’s Witness, consult if it knows relevant ethical rules of
that religion, and, if not, seek to obtain them before making
any decisions regarding that patient’s care. Regarding the
team’s ethics itself, the Al should routinely have the ability
to update its ethical triggers and codes, as ethical codes are
not static, and the Al needs to be capable of updating its
rules and responses over time.

Recommendation 2: Al teammates should adapt to
lower autonomy levels when confronted with an ethical
dilemma unless a clear rule dictates the ethical response

The logic that an Al agent would use to make a decision
once an ethical dilemma is identified would involve both
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the explicit rules with which the Al is programmed and the
learned data that it has stored. The more explicit and rein-
forced these rules are in the Al teammate’s decision logic
should influence how it adapts its autonomy in response
to making a decision. For instance, if the rule is codified
according to an organizational policy, it might increase its
autonomy, because there is only one right answer in response
to this policy. Or, if the Al is responding to a common ethi-
cal dilemma that the Al has responded to many times before,
it may also increase its autonomy. In the absence of these
items, as reflected in the significant preference for decreased
autonomy in this study, Al teammates should always adapt
to lower levels of autonomy. Practically, this may look like a
variable identifier or counter that notes if a response is based
on a hard-coded rule or has been properly reinforced enough
times to warrant an increase in autonomy or been reinforced
so little it requires a decrease in autonomy.

5.4 Limitations and future work

This study has several limitations that should be noted.
First, this study involved only one human-Al teaming con-
text, notably one that exists in a high-risk environment.
While this was a conscious choice due to the increased role
of ethics in the environment, the degree to which decreased
autonomy was likely preferred was somewhat affected by
the overall risk level of the AI’s decisions, and other lower-
risk teaming contexts should also be studied and considered.
It is also important to note that the vignettes chosen for the
medical context are based on case studies used to teach the
principles of medical ethics to healthcare professionals and,
as such, are oversimplified. In practice, healthcare profes-
sionals would also consider other competing personal val-
ues and interests, as well as the opinions of other members
of the healthcare team. Next, regarding the interviews, while
the fifteen participants were fairly diverse from a gender
and age perspective, all participants live in the continental
United States; thus, their concept of ethics is heavily influ-
enced by not only American culture but also the medical
ethics specifically taught in medical schools in the United
States. Finally, because the quantitative results were based
on hypothetical situations in a survey, it should be noted that
participants may have had slightly different perceptions had
they experienced these vignettes in a real-world environ-
ment with increased ecological validity.

Beyond the above-noted limitations, this research
revealed many exciting areas for future research on ethical
Al teammates. First, it is interesting that many participants
noted that people seldom agree on ethics and that different
teams are more or less ethical. How an Al teammate should
act and adapt in response to these different teaming environ-
ments is an important consideration due to the possibility
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of Al teammates learning not only ethical but also unethi-
cal behavior from their teammates. As noted in the themes,
participants expressed optimism about Al teammates being
used to better enforce human compliance with established
ethics. It was interesting to find that many participants
believed there are situations where a human is more likely
to make the wrong decision due to factors that impair their
logical decision-making skills, such as stress and emotion.
While our findings show the need to consider human factors
generally increases a desire for decreased autonomy, there
seemingly may be situations where those human factors
should actually be removed. Future research should focus
on whether Al teammates should utilize adaptations in their
autonomy levels in order to act as this compliance mecha-
nism and how such adaptations would affect perceptions of
it as trustworthy and competent by its human teammates.

6 Conclusion

As Al becomes a bigger part of society and teaming, it is
imperative that it is designed to operate ethically. An essen-
tial component of that is programming the Al to determine
when and to what extent it has the ability to understand
and make a decision when there is an ethical dilemma. In
this study, we asked fifteen medical professionals to con-
sider how the principles of medical ethics should affect AL
autonomy. The themes from these interviews allowed us to
produce actionable recommendations for the HCI and Al
communities for the design of ethical Al teammates.
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