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ABSTRACT

With artificial intelligence continuing to advance, so too do the ethi-
cal concerns that can potentially negatively impact humans and the
greater society. When these systems begin to interact with humans,
these concerns become much more complex and much more impor-
tant. The field of human-AI teaming provides a relevant example of
how Al ethics can have significant and continued effects on humans.
This paper reviews research in ethical artificial intelligence, as well
as ethical teamwork through the lens of the rapidly advancing field
of human-AI teaming, resulting in a model demonstrating the re-
quirements and outcomes of building ethical human-AlI teams. The
model is created to guide the prioritization of ethics in human-AI
teaming by outlining the ethical teaming process, outcomes of ethi-
cal teams, and external requirements necessary to ensure ethical
human-AI teams. A final discussion is presented on how the devel-
oped model will influence the implementation of Al teammates, as
well as the development of policy and regulation surrounding the
domain in the coming years.
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1 INTRODUCTION

With new innovations in the field of Artificial Intelligence (AI)
being achieved every day, the number of roles Al can facilitate,
or has the potential to, is rapidly advancing [27]. Unfortunately,
this advancement has not always been met with similar levels of
passion and productivity in regulating and monitoring the ethical
use of these technologies [16]. Specifically, this paper adheres to
the definition of ethics being the "various ways of understanding
and examining the moral life" [3]. The past ignorance towards
ethics has recently led to a rapid increase in the production of
research centered around the ethical creation and operation of
Al systems [21, 103]. The concerns that motivate this research
become especially poignant when the potential for close human-
AI collaboration becomes a consideration [6]. As Al technology
becomes more intertwined with society, the possibility for this
interaction gets all the more likely, thus leading to the conclusion
that the importance of understanding the role ethics plays in human-
Al interaction will similarly increase [49].

While ethics in human-AlI interactions is being studied, a gap
has formed around a more specific field of ethics in human-AlI team-
work. Unlike general human-Al interaction, human-Al teamwork
creates a more complex relationship between humans and Al as: (1)
the compositions of these teams are often different from the 1-1 re-
lationship often seen in traditional human-AlI interaction research,
(2) the lifespan of teams is generally longer, increasing the impor-
tance of meeting human factors requirements, and (3) Al takes
on the larger more human-like role of a teammate, as opposed
to a simple tool [73]. Thus, it would be irresponsible to assume
that the research in general ethical human-Al interaction would
fully translate to the field of human-Al teamwork. Similarly, while
human-human teaming research has demonstrated the importance
of ethics [8], the addition of Al teammates adds additional complexi-
ties and requirements to the teamwork process [29]. Thus, a similar
assumption as above should not be made, as ethical human-human
teaming research cannot be blindly transplanted into human-AI
teaming. Due to the inability to make these assumptions, a research
gap has emerged that requires the outlining and guidance of ethical
human-AI teamwork.

Therefore, this paper pursues the research goal of outlining
the ethical requirements of both Al systems and teamwork while
also drawing attention to the unique aspects of human-AlI teaming
that separate them from their human-only counterparts. The in-
teractions of these requirements are outlined, demonstrating more
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specific principles and requirements that are required to achieve
ethical human-AI teamwork. These interactions are communicated
through the creation of a model that contextualizes the require-
ments and outputs of ethical human-AlT interaction in a human-AI
team (HAT), thus resulting in a model that acts as a guide to build-
ing ethical human-Al teamwork. This model is informed by a wide
variety of past literature that has been synthesized to produce the
novel model, which follows the guidelines for producing impactful
conceptual models [66, 105]. This paper also takes the opportunity
to demonstrate how the existence and need of ethical human-AI
teaming may lead to changes in the current path of research on de-
veloping and implementing Al technologies, as well as the policies
that will govern AI’s integration into society. Thus, by achieving
the research goal outlined in this paper, research into ethical Al
systems can become more comprehensive and robust since the im-
pacts and requirements of human-AI teaming have been properly
contextualized.

2 BACKGROUND

Modeling the interaction of ethics in human-Al teamwork is a
complex task that requires an interdisciplinary research perspective.
Specifically, a strong understanding of the importance of ethics to
both the field of human-human teamwork, as well as Al is required.
Additionally, a strong grasp of human-AI teaming will allow the
above to be applied to the state of the art in teamwork science. With
the review of these three disciplines as foundations, an interaction
model can be created that meets the requirements of ethical Al,
ethical teamwork, and human-AI teamwork, thus resulting in the
creation of a model depicting ethical human-AI teamwork.

2.1 Ethics in Human-Human Teamwork

With ethics and ethical behaviors being vital in the daily lives of
humans, it would make sense for ethics to become an important
factor in teamwork. However, the field of teamwork necessitates
a multidimensional understanding of ethics as teams must act re-
sponsibly to both those external to the team [57] and those internal
to the team [44]. In terms of external interaction, similar to indi-
viduals, teams must contemplate how their actions and decisions
will affect others in society [97]. Additionally, teamwork, being the
collaboration of diverse individuals, often results in the interaction
of differing ethical perspectives within a team, where new team
members can impact their teams and their environments with their
ethical ideologies [104]. Unfortunately, the complexities that arise
with teamwork, which carry over to teamwork ethics, can often
make it difficult for teams to operate in accordance with every
individual team members’ ideal ethical standards [84, 95]. These
challenges facing ethical teamwork have become far more complex
and critical as global teams, made up of multiple cultures, have
been brought together by a variety of advanced technologies [86].
Therefore, the impact of ethics and morality on modern teamwork,
enhanced by the existence of intra-team interaction, needs to be
properly understood to ensure teams are not harmed by unethical
behaviors or by misunderstandings around ethical standards.

The most apparent examples of these confrontations exist in the
medical field, where teams are constantly tasked with scenarios that
require ethical considerations [4, 28, 38]. Medical teams are a clear

470

AIES ’21, May 19-21, 2021, Virtual Event, USA

and practical example of how ethics and teamwork are intertwined
and affect those within the team and those the team interacts with
[8]. Due to the high stakes nature of medical teams, it is imperative
that teams are able to act both quickly and ethically, meaning time
cannot be wasted on ethical debates [55, 78]. The significance of
ethics in the medical domain has also led to the rise of ethical
consultation, where oversight and advice can be provided to ensure
high ethical standards are not only proposed but continuously
met by medical professionals [1]. Therefore, the efficient operation
of medical teams requires the prior establishment of an ethical
code or standard that ensures ethical conduct is a foundational
priority, rather than an afterthought, which has led ethical training
to an important part of a complete education [23]. Without the
consideration of ethical standards, ethical oversight, and ethical
education, it would be extremely difficult, if not impossible, for
medical teams to confidently execute vital and ethical medical care.

In addition to the importance of teaming in the medical industry,
the explosion of the technology sector in recent decades has been
similarly met with an increased interest and importance of ethics
within technology teams and organizations [67, 75, 99]. Due to this
increased growth, the necessity of ethical training has been further
identified for the tech sector, especially in leadership roles [69, 98].
Other contexts which have demonstrated a strong relationship
between ethics and teamwork include military operations [56] and
disaster response [60]. Similar to the medical domain, technology
and military domains also see the key to ethical education and
establishing one’s ethical compass as occurring early in one’s career,
preferably as a student, thus allowing an ethical foundation to
be created before entering workforce teams [43, 90]. The variety
of domains in which ethics and teamwork are shown to depend
on each other demonstrate that ethics and teamwork are deeply
intertwined concepts, where teamwork should not effectively exist
without ethics.

Fortunately for teams, when the interaction of ethical ideologies
within a team is handled correctly, it can be an important factor re-
lated to high performance [51]. Ethical factors and considerations of
individual team members can become a point of harmony through
which teamwork is further improved [2, 82]. Additionally, ethical
environments can become highly impactful towards other teaming
factors, such as creativity [115] and trust [88], which is an essen-
tial factor in long-term teaming [30, 54]. Due to the importance of
ethics to teamwork outlined above, recent innovations have also
seen teamwork become a tool to create education in the field of
ethics. Essentially, by learning about ethics and ethical principles
in a team setting, individuals become better equipped to contribute
to and understand the differing ethical ideologies present in the
future teams they may be a part of [68]. Not only do individuals
learn ethics through this education, but they also learn the process
of building a shared ethical understanding with a team, which is
a vital skill to acquire in the modern workforce [80]. Additionally,
this method provides the opportunity for applied demonstration
by accomplished, ethical teams who have the ability to lead by
example [42].

The above literature provides a detailed account of how ethics
both broadly and deeply affect teamwork, and any domains that
utilize teams. If teams are unable to build these ethical foundations,
then they may not only perform worse, but their actions could have



Poster Paper Presentation

extremely harmful consequences to others in society. Incorporat-
ing and practicing ethics in teamwork is not only a benefit, but a
necessity to ensuring the longevity and morality of a variety of
industries, including medical, military, and technology to name a
few.

2.2 Ethics in Artificial Intelligence

Rising alongside AI technology are concerns over the unethical
use of Al and the unethical actions made by these technologies.
Previous research has shown that the use of malevolent Al may
cause security issues and have a negative influence on humans
[12, 85]. Hence, how to address these ethical issues has been a
research focus in Al development and human-computer interaction
[34, 112].

Researchers have been working on creating ethical guidance
for AI development over the past several years [53]. One possi-
ble approach for building Al ethics is to include functionality in
Al systems that can make ethical decisions either by program-
ming ethical principles into the Al system or by using machine
learning to learn human ethical and unethical behaviors [34]. The
former may require Al development teams to have ethicists work-
ing on ethics integration [71], while the latter method indicates
the building of ethics bots, which learn the ethical preference of
users and then apply it to the user’s machine, e.g., autonomous
vehicle [34]. However, this type of implementation may actually
lead to unethical Al behavior if users behave unethically. Addition-
ally, though a body of research has investigated ethical principles
and guidelines in Al development, the principles proposed have
a high diversity. A previous study analyzed 84 documents that in-
clude ethical principles and concluded that a convergence emerged
around five ethical principles, transparency, justice and fairness,
non-maleficence, responsibility, and privacy [53]. A recent study
also utilized traditional, human-derived ethical concepts, i.e., virtue
ethics, deontological ethics and consequentialist ethics, to develop
ethical frameworks. The traditional ethical notions indicate that
AT’s behavior is justified as ethical when the behavior conforms to
virtue, obligation, or consequences in a moral way [25].

Another approach applied in the development of Al ethical frame-
works is to shift the responsibilities onto humans [9, 101]. In addi-
tion to the ethical design and development of Al themselves, the
ethical use of Al is also an essential component in Al ethics, which
gives humans more responsibility in the development and imple-
mentation process. The Department of Defense has proposed an
ethical principle framework targeting the ethical use of Al includ-
ing humans being responsible, and the development and deploy-
ment of Al being equitable, traceable, reliable, and governable [9].
Importantly, humans have to manage what Al systems are to be
developed and what ethical policy should be followed in the use of
Al systems [37]. Thus, policies that define human responsibilities
in the use and development of ethical Al are necessary [100].

Similar to the unethical behaviors of humans which harm others,
Al systems without ethical principles implemented could cause
harm to human security and human trust. One such example is in
the domain of autonomous vehicles, which have a risk of harming
humans on the road. According to an ethical risk assessment in
robotics, ethical hazards include loss of trust [107]. Previous work
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has indicated that ethical governance, a collection of processes
and values, is vital in building trust between humans and AI [108].
That is to say, without ethical guidelines and principles, it may be
difficult for humans to develop trust in AL

Important to success in ethical Al, researchers have explored
various strategies to apply ethical principles to real implementation.
For example, a previous study constructed a typology to help the
implementation of Al principles into practices, which described
how to apply ethical principles (beneficence, non-maleficence, au-
tonomy, justice and explicability) using various methodologies and
tools [77]. Another study evaluated a business ethics strategy into
ethical Al development [102]. While plenty of work has explored
the implementation of ethical frameworks in Al, that does not mean
that the path towards implementing practical Al is entirely clear.
One reason is that it is difficult to translate ethical principles into
successful practice due to infancy of methods used to implement
ethical principles practically [76]. Moreover, high-level ethical prin-
ciples may cause misunderstanding in real implementation, leading
to the opposite outcome of building an ethical AI [100]. Accord-
ing to these studies, detailed ethical principles are more likely to
be translated into practice [76, 106]. To solve this dilemma, previ-
ous research has proposed that understanding different values and
goals in real practice and specific contexts plays an essential role
in bridging the gap between ethical theories and implementation
[76].

2.3 Human-AlI Teamwork

Teams have long been utilized to accomplish work of varying com-
plexity from a multitude of different contexts [91]. Naturally, hu-
mankind has always sought to enhance the performance of teams
and thus joining them with current technology is a constant en-
deavor. For example, the new capabilities presented by technologies
such as the internet and the personal computer in the 1990’s allowed
for the creation of a new type of team, the virtual team [62]. These
virtual teams were defined by team members that were not immedi-
ately present with their peers, having varying amounts of dispersion
across temporal and or spatial bounds [33]. As would be expected,
a new type of team also came with a multitude of challenges for
practitioners and researchers alike to confront. Specifically, non-
verbal cues could be lost when virtual team members interact with
one another while also increasing the level of abstraction the team
members must confront [35]. Nearly two decades of research and
applied use of virtual teams solved many of these issues and now
virtual teams and remote work were the immediate answer once the
COVID-19 pandemic began [13]. Technologies have made another
major advancement with the democratization and widespread use
of Al, and many have already identified the potential benefits Al
presents to teams, not just as a helpful assistant or tool, but as a
full-fledged member of the team.

Al joining together with humans as teammates introduces a new
type of team known as a HAT, which has at least one human and one
Al teammate [73]. HATs share the same traditional requirements of
human-human teams (interdependence, shared goals, see [32]), but
include a few additional requirements regarding the Al teammate
in order to be defined as a true HAT [81]. While Al is still a growing
technology, humans have high expectations for these Al teammates
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and are interested in their future implementation [114], and these
expectations will become especially important when designing
additional technologies to support HATS [36]. The Al teammate of
a HAT must: (1) possess at least partial levels of decision making
autonomy (Level 5 and above, see [81, 83]), (2) occupy a distinct
role within the team, and (3) be interdependent in its activity and
outcomes. HATs are also distinctly different from traditional human-
human teams as transparency [74], reliability [18], and autonomy
level [110, 111] become important predictors of team performance
[81]. Yet while HATS are distinctly different from traditional human-
human teams in many ways, they still retain an empirical need for
human elements such as trust.

Trust is a particularly essential component to successful HATs,
and trust’s unique relationship to ethics makes it especially relevant
to the current paper. Existing studies have empirically shown the
importance of the relationship between trust in Al teammates and
team performance [72], and additional work has harped on its im-
portance in ethically fraught subjective contexts such as healthcare.
In this context of teaming, autonomous agents should be able to
satisfy a role within the team and gain trust over time as ethics
is directly related to trust [47, 107, 108], which will in turn affect
overall team performance. Due to Al's general use in more objec-
tive contexts, relevant research must be conducted to ensure AI’s
acceptance and utilization in teams that focus on subjective tasks.
Providing methods for increasing the explainability and fairness of
these systems, which have been identified as necessary in human-
Al teaming [19, 87], may better equip HATs to handle subjective
tasks.

Creating ethical Al can lead to enhanced trust in HATs and sub-
sequently enhanced team performance and fairer team decision
making. Human members of HATs have been shown to produce
better shared mental models when Al teammates display charac-
teristics similar to their personality [48], and culture has also been
shown to play a significant role in the amount of trust humans place
in their Al teammates [20]. These findings show that ethical AI can
be developed in such a way as to not only maximize the fairness
of decisions but also maximize the level of trust between the AI
and its human teammates. This assertion is in addition to studies
directly linking ethical behavior to trust in human-AI interactions
[108]. For example, recent research has focused on outlining the
steps needed to develop value-based ethical Al systems [79]. Such
advanced value-based ethical Al systems could be produced that
do their best to align their values with their human teammates to
maximize trust and performance within the team, while remaining
within the bounds of ethicality most applicable to the situation.
While developing ethical Al is far easier said than done [5], the en-
deavor is incredibly important to the future of HATs and numerous
other fields as well, and with it, the challenges posed by this new
technology can be met and surpassed in the coming decades.

3 MODELING ETHICAL HUMAN-AI
TEAMWORK

Creating a comprehensive model of ethical human-Al teamwork
requires the consolidation and interaction of the previous literature
review [66, 105]. The resultant model this paper creates through
the method above is presented in Figure 1. Figure 1 contains three
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distinct parts that can be isolated and discussed separately. First, the
societal requirements necessary for ethical human-AI teamwork
are represented through the grey hexagons; these requirements
are seen as external and societal factors that HATs may not have
direct control over. Second, the large, upper rectangle contains the
representation of the constructive process of utilizing ethics within
a team, ultimately resulting in a team-wide ethical ideology. This
section is the core representation of ethical human-AI teamwork,
as it demonstrates the complex interaction of ethics in teamwork
when mediated by the introduction of Al Finally, the outputs of
ethical teamwork are shown, with the team’s internal outputs be-
ing represented by the left blue rectangle and the team’s external
outputs to society being shown in the right red rectangle. These
outputs serve as both a motivating factor for ensuring ethical team-
work as well as a form of awareness in understanding the important
outputs to which ethical HATs can be evaluated. Thus, when these
elements are joined and related to each other, the comprehensive
model of ethical human-AI teamwork shown in Figure 1 can be
created. This model serves as a guide to building ethical HATSs,
which is a necessity for achieving effective human-AI teaming. The
following elaborates on how ethical/unethical human-AlI teaming
principles can significantly benefit/harm the potential of HATs in
society.

3.1 Requirements for Ethical Human-AI
Teamwork

External requirements are vital in shaping ethical human-AI team-
work by setting behavior baselines for humans and AI in HATSs.
Previous literature has pointed out that humans, as a core com-
ponent of ethical models in human-AI teamwork, undertake the
responsibilities to form, regulate and guide the development and
deployment of ethical AI [9, 101]. This section focuses on what
external requirements are needed to facilitate the construction of
ethical HATSs.

3.1.1  Ethical Education and Ethical Al Standards. Education on
ethics in HATs and ethics regulation and standards lay the cor-
nerstone of ethical human-AI teamwork. Ethical training is taken
as an essential mechanism in the education of various domains
[43, 89, 90]. Though the education of Al ethics is still in the early
stage of development, the field is considered as an important aspect
of the Al education that ought to be integrated into college edu-
cation in a systematic way [10, 40]. Only when individuals have a
basic understanding of Al ethics, and ethical behaviors and deci-
sions, are they able to make ethical decisions in the development
or deployment of Al in the real-world [39]. In addition to including
ethical knowledge in curriculum, workshops are an effective way to
improve the delivery of ethical knowledge to people who are going
to be involved in ethical considerations as part of their career [68].
Equipped with ethical knowledge, individuals and Al also need eth-
ical standards to direct and guide the team to behave in an ethical
way. Ethical standards are defined as principles that address ethical
issues and concerns as well as point out the potential harm caused
by unethical behaviors [107]. These principles act as a reference
for individuals to follow, which assists the development of shared
ethical ideologies in human-AI teamwork.
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Figure 1: A model depicting the teaming process in regards
to ethical human-AI teamwork. Human-AI teaming outputs
are shown (red and blue rectangles). Requirements for eth-
ical Human-AI teaming are shown as grey hexagons. The
interactions of teamwork ethics are also shown in the large,
upper rectangle.
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3.1.2  Internal and External Oversight on Ethical Issues. In addition
to ethical knowledge and ethical standards, internal and external
oversight on ethical issues in collaborative environments are ad-
ditional necessities in building ethical human-AI teamwork. By
applying internal and external oversight, HATs are monitored in
their pursuit of ethical human-AI teamwork and shared ethical
ideologies. Internal oversight refers to an internal member or com-
mittee ensuring that human teammates and AI teammates conduct
ethical actions or make ethical decisions in teams. Though the in-
ternal refers to one or more team members for most cases in HATS,
it could also describe one or more individuals who belong to the
same organization or community, but are not involved in the HAT.
One such example is how hospitals ensure ethicality. The internal
oversight may come from the hospital but not the team consisted
of healthcare personnel and AL Internal oversight makes sure each
individual behaves ethically in HATs, which contributes to ethics
on a team-level, including enabling human teammates to build trust
with Al teammates, building a shared understanding in HATs, and
more importantly, constructing team-wide ethical ideologies.

In contrast to internal oversight, external oversight is ensured
by people who are excluded from the teams. For instance, the de-
velopment and deployment of Al teammates in industry should be
supervised by an ethicist. Moreover, the ethicist who oversees the
deployment of ethics in human-AI teamwork has to be at a high
level of hierarchy in the community to ensure the real implemen-
tation of ethical principles. Importantly, the cost of a violation of
Al ethics needs to be considered in the implementation of ethics
in human-AI teamwork. In other words, ethicists need to identify
specific penalties at the beginning of the Al development or de-
ployment. A penalty rule is beneficial to decide the penalty for a
specific behavior, e.g., setting different instances of not following
ethical standards with a corresponding penalty. External oversight
provides a vita security in ensuring the implementation of ethi-
cal principles and guidance in real-world practice. Furthermore, it
builds up a robust and solid ethical environment in large organi-
zations using a systematic ethical framework designed for them
specifically. Professional ethicists ensure that HATs are guided in
the proper direction using their accumulated ethical teaming expe-
rience, as well as their expert knowledge.

In summary, four requirements regarding HATSs are proposed to
approach high-quality ethical human-AI teamwork: (1) individuals
in HATs need to learn how to address ethical issues in human-
Al teamwork, (2) common ethical Al standards are required to
make sure Al is implemented and behaves ethically, (3) internal
oversight should be implemented to ensure each individual’s ethical
behavior, and (4) external oversight is necessary in regard to the
implementation of ethics in HATS, which is usually covered by
ethicists.

3.2 Building an Ethical Human-AI Team
Through Teammate Interactions

Building ethical HATSs requires a strong understanding of how ethi-
cal ideologies within a team interact and positively build on each
other to create a team’s ethical ideology. Figure 1 (specifically the
large, upper rectangle) illustrates these interactions where individ-
ual ideologies are eventually consolidated into an overall ethical
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team ideology. The interactions are based on the known interactions
of ethical human-human teamwork when taking into consideration
the factors and requirements presented by ethical Al and human-AI
teamwork.

3.2.1 Different Individual Ethical Ideologies. Before understanding
the consolidation process, it is important to understand the specific,
individual ideologies that are present, which are shown at the top of
the large, upper rectangle. First, each human is identified as having
an individual ethical ideology, which is not guaranteed or even
likely to be consistent from person to person [11, 61]. While these
individual differences may seem unreliable, they are essential to
preserving team diversity and individuality, a vital factor in effec-
tive teaming [50, 52]. On the other hand, AI teammates should be
designed to share a specific ethical ideology, which is an important
aspect in ensuring an ethical Al standard [107] and preventing pos-
sible disagreements between Al systems [70]. This shared ideology
could be a consistent set or list of duties or virtues that all Al team-
mates remain consistent with. Additionally, the shared ideology
ensures a level of ethical consistency across Al teammates, which
is a necessity to guaranteeing the implementation of trusted Al
systems [94]. These individual ideologies are the building blocks
for ethical human-Al teamwork; however, the mere existence of
these internal ideologies is not enough to build ethical HATS.

3.2.2  Ethical Ideologies Influence Teaming Actions. The ethical ide-
ologies outlined above physically manifest through teamwork ac-
tions, which is represented by the conjoining of ethical ideologies
from both human and AI teammates into two different categories
shown in Figure 1. Specifically, the individual, role-based tasks one
performs (left of the Figure 1) and one’s interactions with their
teammates (right of Figure 1) are they two key teamwork actions
that allow teammates to express their ethical ideologies in a prac-
tical way. It is the result of these actions that yields the creation
of a team ethical ideology, meaning practice, not just principle, is
key to achieving ethical human-AI teamwork. While the emphasis
of practice in ethical human-machine interaction is documented
[58, 76], the model in Figure 1 demonstrates how practice becomes
a broader and more varied concept within human-AI teamwork.
Unlike general human-Al interaction, which sees an emphasis on
the task related actions and decisions made by individual systems
(the action represented on the left of Figure 1 [7, 22], human-AI
teamwork adds the more complex action of intra-team interaction
(the action pictured on the right of Figure 1. The existence of these
additional interactions between team members means that one’s
ethical ideology is given additional opportunities and mediums to
manifest. This is especially important to human-Al teaming ethics,
as the context specific nature of Al ethics is often seen as a chal-
lenge or limitation [22, 64]. Therefore, specific considerations need
to be built into Al teammates’ ethical ideologies if they are going
to be constructive, regardless of the teaming action being taken.

3.2.3 Creating a Shared HAT Ethical Ideology. The ultimate result
of human-AI teaming actions driven by ethical ideologies will be
a common ethical ideology, which is representative of a team’s
ideology. It is important to note that this team-level ideology is not
a replacement for any individual’s ideology, but rather a wholly
new ideology that is owned by the team. Importantly, as depicted
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in the bottom of the large, upper rectangle of Figure 1, the team
ethical ideology is able to continuously affect individual ideologies.
This effect is the result of team members continuously learning
from their fellow teammate ideologies through natural teaming
actions and processes. This means that human teammates will be
able to continuously learn about both human and Al teammate
ethical ideologies through the teamwork process.

Similarly, Al teammates should be able to learn from this team-
level ethical ideology, thus allowing Al team members to build
on their foundational ethical ideology and tailor it to the specific
human teammates they work with. Although this results in AI
ethical ideologies that are different from team to team, it is a vital
step as human-AI teaming, like Al ethics, is contextually depen-
dent [92], meaning no two teams should be limited to having the
exact same ethical ideology. This additional, team specific, inter-
action also means that the common Al ethical ideology shared
by Al teammates needs to be able to add additional ethical con-
straints to remain consistent with the team-wide ideology. On that
note, it is important that the process of building this team-wide
ethical ideology should always be constructive, meaning, the inter-
actions from the team-wide ideology should never grossly violate
one’s individual ethical foundation, regardless of one being a hu-
man or Al teammate. Thus, the ethical foundation of both human
and Al teammates is ensured through a teaming process that con-
sistently prioritizes the constructive development of human-AI
teaming ethics.

3.3 The Outputs of Ethical Human-AI Teams

As detailed in the previous two sections covering the ethical human-
Al teamwork model seen in Figure 1, the unique and purposeful
interactions between teammates combined with the proper educa-
tion and oversight can produce extremely high-quality HATs. The
current section overviews how the teammate interactions and sup-
porting requirements affect and produce the internal and external
team outputs, then explores how such outputs are inevitable but are
completely dependent upon the ethics of said inputs and oversight.

3.3.1 Internal Team Outputs. Internal team outputs (pictured in
the left, blue rectangle of Figure 1) are the product of the intra-
team interactions presented in the prior section and make up the
immediate individual and team level benefits seen in the model.
The intra-team interactions produce a team-wide ethical ideology
and allow for improvements in team characteristics such as trust
between human and Al team members, and enhanced shared un-
derstanding amongst teammates. Building robust trust between
team members in HATSs can come from human team members shar-
ing their personal ethical ideology with each other and their Al
teammates sharing their common team specific Al ethical ideology.
This sharing and continuous task based interaction allows both
the AT and human teammates to adapt to one another and create
the human-Al team ethical ideology, which would closer align the
human and AI team members personal ethical viewpoints improv-
ing transparency, significantly enhancing trust between the two
[74]. The model also enables teams to improve their level of shared
understanding, in the vein of team cognition, which is a construct
in teams consisting of their team level knowledge and structure
[14, 26]. The model enhances the teams shared understanding by
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aligning a team’s ethical perspectives over time to create the team-
wide ethical ideology, which, much like the enhancements to trust,
represents individual team members that are more closely aligned
on a personal level [48]. Finally, the driving force behind the other
outputs is an output itself, the team-wide ethical ideology. This team
ideology empowers the team to make collectively ethical decisions
that align to and further reinforce the existing ethical perspective
shared by the team members.

3.3.2  External Team Outputs. External team outputs (pictured in
the right, red rectangle of Figure 1) are another product of intra-
team interactions but consist of the secondary consequences of
the model, affecting the parent institution and other teams in the
same domain. This change starts with individuals being provided
with valuable experience working in highly ethical HATs that are
a consequence of the model. Such teams conduct themselves in
an ethical and appropriate manner throughout the process of per-
forming the task and when deliberating and making team decisions
together. The decisions and actions made by the teams are ethical,
and the process the team took to reach their outputs provides the
individuals with positive and valuable experience regarding ethical
teaming. These positive experiences provide a host of additional
benefits to both the organization as well as the individual regarding
future teaming as the positive experiences lead to enhanced trust
in future HATs [45, 46] and improved performance if the task is
spatial in nature [17]. The model also improves the ethical climate
of the parent organization and their respective domain by requir-
ing the development of a series of educational programs, baseline
expectations, and responsible ethical oversight policies. These poli-
cies are also part of what helps produce individuals with ethical
teaming experience that also contribute to significantly improving
the ethical climate of an organization the longer such policies and
teams exist. Finally, teams created through the insight of the model
provide real-world examples of ethical human-AI teaming. Parent
organizations can then utilize the wide variety of successful HATs
as part of continuing education to improve both the performance
and culture of their workforce [59], and for managers to review and
critique in order to identify any potential improvements in both
performance and ethical standards.

3.3.3  Output Relationships with Requirements. The outputs re-
viewed here are inevitable given the nature of the model seen in
Figure 1; however, whether or not these outputs are positive are
entirely dependent upon the inputs or, requirements, outlined in
the previous section. These inputs can just the same be faulty and
unethical but will produce a shared ideology amongst the team
members just the same as ethical inputs would. The nature of this
principle reinforces the importance of the inputs, but also highlights
the duality of the inputs location. For example, even if the educa-
tion and common baseline ethical standard for Al are unethical, the
unethical shared ideology will still be caught and have the potential
to be rectified as long as proper internal and external oversight is
provided. Therefore, it is truly the ethical aspects of the individual
teams that determine if these are high-quality outputs, and the re-
quirements exist to ensure those teams begin on the right path (top
requirements) and stay on the right path (bottom requirements).
Additionally, these requirements may be tweaked, as alluded to at
the end of the previous paragraph (management review of teams),
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to maximize the internal and external outputs. Such changes to
the requirements may seek to target maximization of internal or
external factors the parent organization or broader domain deem
most important, such as further enhancing shared understanding,
trust, and or providing more ethical teaming experience.

In summary, the outputs of the model presented in the current
paper are a natural result of maximizing team interactions to create
a high quality human-AI team ethical ideology. This ideology in
turn allows for improved trust, shared understanding, and a team-
wide ethical ideology, in addition to providing practical examples
of ethical human-AlI teaming, improving the ethical climate of the
teams parent organization, and giving the individual team members
vital ethical teaming experience. As these benefits are a natural
consequence of the functioning of the model, it is essential that the
requirements be implemented properly and carefully as they can
still produce an unethical human-AI team ideology if the education,
ethical Al standards, and oversight are improper. Fortunately, the
model has the ability to account for mistakes in education and Al
model training with proper oversight, enabling changes and tweaks
to be made to the requirements in order to maximize the most
important outputs to the parent organization.

4 DISCUSSION

While the model above presents a guide for building ethical HATs
through the synthesizing of a model, the model in Figure 1 needs
to be related to its role in society to ensure it properly influences
other disciplines surrounding Al Specifically, this paper finds it
important to understand how (1) the model should influence the
design and development of HATSs, as well as (2) influence the policy
and regulation surrounding the rapidly advancing technology. For
(1), ensuring future developers and research consider ethics when
building HATS is a must as HATs will become a common use of
AT technologies. For (2), recent incidents in the AI sector have
demonstrated the need for explicit regulation and policy to ensure
the ethical use of Al technologies, and these regulations should
extend to that of human-AI teamwork.

4.1 Building Ethical AI Teammates for
Human-AI Teams

The model in Figure 1 outlines the ethical teaming process as well
as the outcomes of ethical teamwork; understanding how to opera-
tionalize these processes is additionally necessary to build ethical
HATs. First, the most critical aspect is building the ability for AI
teammates to perform the teamwork actions depicted (i.e. individ-
ual action and teamwork communications) with a consideration for
ethics. While it is still controversial as to whether or not Al systems
should be permitted to tackle tasks with such ethical ambiguity
with proprietary ethical decision-making capabilities [31], fully
preventing them from incorporating ethical decision making skills
would heavily reduce the number of potential roles they could fill,
and consequentially, the performance they could have in a HAT.
The balancing of these technical benefits of Al systems with ethical
concerns is not a new challenge in the Al space [41], and this paper
discusses possible development goals and methods for ensuring the
safe integration of these capabilities into Al teammates.
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Therefore, building ethical HATs that have the potential to con-
tribute to shared ethical ideologies, as depicted in Figure 1, will
require the addition of ethical decision making skills in addition to
the Al teammates’ task related skillset. While this may open the
possibility of intentionally unethical behavior from Al teammates
[103], the possible benefits are undeniable with the potential to
heavily benefit shared understanding, team cohesion, and trust
through a shared ethical ideology. While the actual method for
incorporating ethical knowledge into these systems is debated, this
paper believes the perspective taken by Wright 2019 concerning
duty and Kantian ethics would be best as it would allow a more
natural creation of the shared ethical ideology used by all Al team-
mates in a single HAT. However, despite this paper’s support for
building ethical decision making abilities into Al teammates, this
does not mean that these systems should be blindly integrated,
regardless of the method taken for building AI ethical ideologies. It
will also be necessary to develop automatic systems for monitoring
the ethics and fairness of the Al teammates and ensuring they are
inline with human teammates and teaming standards [64, 96]. Once
these systems are developed and integrated through the collabora-
tion of researchers, developers, and potential HATs, Al teammates
that have the ability to contribute to teaming ethics can begin to
be integrated into the workforce.

Once practitioners who follow this paper’s model finish building
Al teammates that posses the ability to demonstrate and contribute
to ethical ideologies, immediate attention should turn to develop-
ing the ability for Al teammates to modify their common ethical
ideology based on their team interactions. The development of this
functionality needs to happen after the previous development goal
as the changes Al systems make to their ideologies should never
contradict the basic ethical foundation they were integrated with.
In regard to Kantian ethics, the modifications to Al ethical ideology
could be seen as additional, team specific duties that they must
abide by. While this ability could be harmful if done maliciously, it
is necessary in ensuring Al systems can adapt to the ethical climates
they are placed in, which may not always be consistent due to the
specific context of the HAT [22]. Once this functionality is built,
preexisting HATs can begin to fully develop dynamic, team ethical
ideologies, thus leading to a greater sense of shared understanding
and cohesion between team members.

The development of these two functionalities is not the only
aspects required for ethical Al teammates, as they also need to be
trained in their assigned task; however, these functionalities are
the vital aspects of Al teammates in ethical HATs. While these
functionalities could be ignored and left out, doing so may not only
result in unethical Al teammates but also a reduction in shared
understanding within HATs. The development of these Al features
should be considered necessary in the design and implementation of
Al teammates if Al systems are expected to become fully functional
teammates and not just tools humans use.

4.2 External Regulation for Ethical Human-AlI
Teams

Despite the model in Figure 1 providing a roadmap towards building
ethical HATS, that does not mean that practitioners and developers
of Al systems of required to build in these ethical considerations.
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This very reason is why this paper explicitly labels the external re-
quirements for ensuring ethical human-AI teaming. Unfortunately,
the explicit representation of these requirements is not enough, and
it is necessary for external regulation to ensure HATs, in addition
to all Al systems, operate ethically. While the centralization of Al
regulation is still up for debate [24, 93, 113], the model presented
in this paper necessitates external assurance and policy be applied
to the context of human-Al teamwork, similar to other contexts
within the Al domain [58, 65].

First, regulation and accreditation within Al educational domains
needs to include a requirement for ethical human-Al teamwork.
While ethics is seen as an essential part to a contemporary Al
education [40], the complexities of teamwork outlined above ne-
cessitate its explicit consideration. In addition to serving as a guide
for building ethical HATs, the model could also provide an essen-
tial educational resource in teaching students and professionals to
understand the human-AI teaming relationship that they may be
responsible for implementing and monitoring. Thus, future devel-
opers and designers of human-AlI teams will be familiar with and
ready to develop the concepts and functions outlined in the previ-
ous section. Without this education, professionals may be severely
hindered from implementing HATs in a timely and ethical fashion.

Moreover, future policies and regulations need to consider the
oversight requirements explicitly outlined by the model presented.
While a large amount of ethical Al regulation is focused on the
external interactions of Al in society, which is important [15, 63],
the extra dimension of intra-team communication in HATs merits
the requirements of additional oversights targeted towards the
ethical use of Al teammates. Unfortunately, this regulation may not
be as apparent as these systems may not be public facing, but rather
internal and team facing. Ensuring the ethical use of these systems,
whether they are internal tools or external entities, is a necessity to
ensuring Al technologies, as a whole, are used ethically. Therefore,
the concerns of internal Al usage within an organization should
become an additional point of concern within Al regulation and
policy, with an explicit consideration for the context of human-AI
teamwork.

While the model presented in this paper is a good initial first
step and guide towards building ethical human-Al teams, action is
still necessary in assuring (1) ethical teammates are developed and
(2) HATSs operate ethically, both internally and externally. While
the consideration of human-Al teaming ethics adds an extra layer
of complexity as well as an extra regulatory burden, one of AI's
greatest potential roles in society is dependent on ensuring it can
become an ethical teammate. Being an ethical teammate is more
than simply acting ethically, but being able to contribute to an
overall ethical climate and prevent the decay or compromise of
one’s ethical ideology. Moving forward, developers, researchers,
teams, and regulators are going to need to collaboratively work
together to not only ensure Al agents are ethical, but the systems
and teams they are a part of continuously maintain and promote a
positive ethical ideology.
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5 CONCLUSION

Building ethical human-AI teams is an increasingly complex task
as Al technologies, and therefore the teams they will be a part
of, continue to advance. While substantial innovations have been
made in the field of Al ethics over the past few years, the increased
complexity seen in HATS justifies a separate, more focused initiative
towards building and ensuring ethical HATs. This paper provides
a foundation for this initiative by consolidating decades of ethical
teamwork research with the rapidly advancing fields of Al ethics
and human-Al teaming to create a comprehensive model depicting
ethical human-AI teamwork. The model, shown in Figure 1, serves
as a guide for building ethical human-AI teaming. Without the
consideration of the factors presented by this model, one of the
most promising implementations of Al technology may not only
underperform, but ultimately harm the society they were designed
to help.
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