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Abstract. This paper is intended to open a discussion with those who engage in
research and technology development for advanced artificial intelligence (AI) of
the future; particularly those who seek to manifest a net-positive impact on soci-
ety. Most critically, the design and deployment of advanced human-AI interactions
must unfold as a continuous and highly interactive process, mirroring the nature
of the future intelligent sociotechnical ecosystems that are envisioned. Importantly,
we expect traditional roles such as designer and end-user become less distinct, and
believe that blurring these lines and fostering increasing complex interaction dy-
namics may present opportunities to overcome persistent challenges in the domain.
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1. Introduction

Our reality is shifting before our eyes, whether or not we can apprehend the full extent of
change that is coming. Throughout history, much of our species development has either
provoked or been precipitated by change in technology [1]. Things that once lived in the
domain of science fiction are now just what we call science. Importantly, history teaches
that as these broad shifts occur, we have a choice. We can passively accept, and thus
become subject to the will of the larger ecosystem, or we can actively embrace reality and
work to influence the how the change is realized. Our choice is the latter, and we contend
that this choice brings particular moral and ethical imperatives to establish meaningful
human control (MHC; [2]) of the artificial intelligence (AI) and AI-related technologies
that are anticipated to pervade our future sociotechnical landscape. In this paper, we
discuss human-centered design of partnerships with AI and related technologies, with
an intention to support the long-term growth of intelligent sociotechnical (human-AI)
ecosystems that produce a net-positive impact on society [3].

By specifying ”meaningful” in MHC, we acknowledge that responsibility comes
with authority. Through the establishment of MHC, then, we envision a sociotechnical
reality where humans and AIs2 carry this responsibility as they cooperate, compete, co-
evolve, and ultimately support mutual growth, learning, and development as true part-
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ners. Importantly, we note that MHC does not mean creating an exclusively human-
dominated future – indeed myriad interaction paradigms exist to support human-AI col-
laboration to allow us to reap the benefits, such as increased productivity, safety, and
quality [4, 5]. Critically, we argue that control mechanisms must evolve well-beyond
function allocation-oriented approaches [6–8] owing to their tendency to draw sharp lines
designating human-or-AI authority based on individual capability in the space of action.
Instead, we believe that our vision of the future calls for more nuanced interleaving of
individual authority with collective responsibility in the space consequences [3].

2. A New, Old Way of Addressing Pervasive Challenges

In the space of human-AI interaction, there are many options for drawing and enforcing
lines between human and AI control [4,8]. Nevertheless, there is a perplexing paucity of
AIs that are actually well-integrated with human society at large; this, despite the mass
proliferation of demonstrable ”smart technologies” (e.g. phones, home automation, ve-
hicles, etc). The list of potential causes for this gap is long, and yet a clear set of ro-
bust solutions remains elusive. Here, we offer that part of this circumstance may be at-
tributable to how the challenges are being considered. In particular, we suggest that let-
ting go of classic systems engineering thinking for a moment may provide some valuable
insights. Design thinking has been part of user-centered design of interactive human-
computer systems at least since Norman and Draper published their seminal volume in
the 1980’s [9], but it has not tended to be as strongly influential for implementation and
evaluation of those same systems. While some have criticized design thinking as too
esoteric to manifest macro-scale societal changes [10], we contend that it offers useful
ways to encourage valuable re-thinking of our research thrusts. Two features of design
thinking are especially useful here: adopting a solution-focus over a problem-focus and
reshaping the design process to suggest new routes for addressing difficult challenges.

2.1. A Solution-Focus on Human-AI Partnership

In most instances within systems engineering, the problem tends to precede the solution
as a main point of focus; particularly during early ideation aimed at producing a specific
end-result. For example, until very recently, AI-related technologies have been mainly
developed to address specific, independent needs (e.g. in transportation, social media,
space exploration, stock trading, health care) and, in that, without deep consideration of
possible impacts on one another. Naturally, this makes sense, because the standards in
science and engineering encourage (if not demand) a narrow focus on a specific prob-
lem. Such practices are especially necessary and effective for generating reliable prod-
ucts within the typically tight, competition-sensitive timelines that are driven by modern
science and technology ambitions. We contend that the strength of the problem-focus
is, however, also its weakness. This is because the ultimate target of the knowledge and
technical products is commonly an application within a larger sociotechnical ecosystem,
and unanticipated cross-domain interactions can easily become the source of significant
dysfunction. Social media, for instance, can and does affect the dynamics of the stock
market [11] and has been witnessed globally to have influenced population-scale deci-
sion making. Here, we suggest that the time is ripe for application of solution-focused
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design thinking; and the focus of this paper on ecosystem-scale concerns constitutes a
demonstration of this kind of thinking.

2.2. Reshaping the Design Process to Match the Dynamic Product

Typically, identifying a problem or even just noting sub-optimal performance, can trigger
a process that then unfolds in a series of discrete, or perhaps iterative, phases - beginning
with design and ending with evaluation (see Figure 1).

Figure 1. A depiction of the general technology development process as a Gantt chart that is augmented in
cartoon-like fashion to represent the relationships between the individuals who support design, implementation,
evaluation, and the end-user. Colors of the human silhouettes correspond with their role in the process.

The situation is critically different for AI and related technologies. With the increas-
ingly intelligent and adaptive systems of the future, we and others contend that traditional
approaches are ill-suited because of the capability of AI, and its human ”users”, to con-
tinuously learn and co-adapt. Because of this continuous mutual adaptation, necessary
processes for the development of trustworthy systems cannot rely on traditional methods
for design, implementation, and evaluation, but must instead be re-shaped into some-
thing that allows for continuous and flexible engagement of all stakeholders through the
whole system lifecycle [12]. Importantly, in such a reshaped paradigm, the lines between
”designer”, ”evaluator”, and ”user” start to blur, where end-users (and eventually AIs)
become both evaluators and designers as well.

Figure 2 leverages the classic ”Decision Ladder” from the work of Rasumussen and
Goodstein [13] as the basis for a reshaped, dynamic decision cycle. This reshaped, dy-
namic decision cycle places evaluation centrally, rather than at the end of the process
(blue, dashed rectangle). More importantly, as depicted here, evaluation is a critical in-
terface between design (left side) and implementation (right side), as well as being a con-
duit of communication for all human and AI stakeholders. Similar cartoons as in Figure 1
are placed here in locations that represent how such interactions may be facilitated, such
as the end user standing on the Feedback box at the bottom, which provides information
to the designer, or at the level of the selected Target on the right depicting an interaction
with an implementer who carries Predict(ed) Consequences from a cooperative (and AI
augmented) analysis between designer and evaluator, as shown at the apex of the ladder.
Moreover, this figure also represents a few different kinds of interactions between the
human stakeholders and an AI, as with the robot in the evaluation loop at the top. In
one case, the AI may autonomously shortcut the decision ladder based on relevant Feed-
back and Observation data, or the AI may take a shortcut to intervene and/or advise the
designer-user team as they select a new Target based on that same data. Moreover, in a
third shortcut, we see that a team of human designer and implementer may guide the AI
towards appropriate Task for execution at the Planning phase (alternatively, one might
interpret the AI as pushing the humans to the answer instead).
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Figure 2. One representation of a reshaped design process which leverages Rasumssen and Goodstein’s De-
cion Ladder. Here the ladder has been modified to close the loop with feedback from the execution to the next
activation. Further, cartoons have been added to indicate some ways in which the lines become blurred between
users and developers (see discussion in text). Color codes correspond with those used in Figure 1.

3. Design Considerations for Complex Coordination and Delegation

By fostering the development of a completely interactive ecosystem, we invoke a need
for a language that facilitates dynamic cooperation. Within social and cognitive sciences,
this issue has been examined through the study of team performance; and within these
studies, both individual and team dynamics have been recognized as uniquely impor-
tant [14, 15]. Taskwork has been used to describe specific processes that each individual
team member must engage to perform their job, while teamwork describes the multi-
agent interactions needed for communication and coordination, as well as for developing
team trust and cohesion [16]. Commonly, human-AI interactions are designed at one, but
not both of these levels; though both are essential for effective team performance and
establishing MHC. Here, we offer that the reshaped decision cycle incorporates aspects
of both, and this positions the task as the common language of cooperation.

3.1. The Task as a Language: Goals, Rules, and Skills

Regardless of application, it is often a task that serves as impetus for developing a human-
AI partnership. Therefore, an intelligent sociotechnical ecosystem will almost always be
organized based on tasks, whether explicitly or implicitly. Tasks are goal-directed ac-
tivities that must be conducted under some set of rules, and task-based goals may be
achieved by application of skilled behaviors. As depicted in Figure 2, skills represent
the most elemental level of organization in the decision cycle. Here, skills constitute
taskwork, and they represent a level of capability that is typically defined in terms of
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parameters that specify an effective action. Of course, having an ability to execute ele-
mental skills is not enough to assure the kind of effective and adaptive performance that
would be considered a hallmark of an intelligent ecosystem [17]; those skills should be
performed at particular moments and in ways that conform with the needs of the task.
Understanding when and how to perform skills is therefore in the domain of rules, which
can be seen in Figure 2 as defined at an informational level within the decision cycle.
Given their position in the decision cycle, rules also provide for the interface between
taskwork (skills) and teamwork (communication and cooperation). Finally, goals repre-
sent the highest level of organization and planning, and the selection of goals is often a
deliberative process involving consideration of options, simulating or otherwise predict-
ing outcomes of actions, and then selecting the goals that will be most likely to manifest
desired consequences. While goals may often be chosen by a singular commander or
supervisor, our depiction of the decision cycle is meant to reflect that they may also be
identified, evaluated, and chosen through collective decision making.

3.2. A Solution Focus: Designing Delegation for Meaningful Human Control

MHC is more than a framework to guide human-AI team configuration and authority
delegation for optimal performance in the space of actions. MHC is meant to enable the
responsible selection of a course of action to produce a specific outcome, as well as to
foster and propagate individual and shared accountability, which may then drive future
improvements through learning. All actions have consequences, and designers cannot
feasibly predict all possible outcomes or complications. Sometimes, chosen actions will
have unanticipated effects. Better, in our minds, to consider how to develop and propa-
gate the shared responsibility for all consequences regardless of whether they were in-
tended. Some forms of delegating authority may be better suited for this final purpose
than others; skill-based delegation really just assigns a particular task to the most suit-
able agent that is available, while rule-based delegation may be enabled through the use
of pre-defined plays that specify particular patterns of both teamwork and taskwork, as
well as the responsibilities and accountabilities that go with each. Both kinds of dele-
gation allow passing of authority to different (human and/or AI) team members based
on their capacity to perform the tasks as needed, and should, we argue, incorporate an
expectation that each agent will participate in and support the teamwork needed for de-
veloping and maintaining the shared responsibility for the actions of the collective and
their consequences. This will become even more important as continued advances lead
to goal-based delegation, where humans and AIs alike can receive a request or command
and then faithfully ensure it is achieved without requiring a human supervisor to outline
all of the specific rules and skills that should be used in the process. Ultimately, as the
intelligent ecosystems of the future become realities of the present, we will aim to define
success less in terms of gain and loss and more in terms of our ability to produce desired
consequences as well as to maintain responsibility and accountability while doing it.

4. Conclusion

As we began this paper, we noted that our overall objective is to better understand how
to use human-AI partnership to manifest net-positive impact in future sociotechnical
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ecosystems. Herein, we have illustrated that designing complex human-AI systems is
better considered as a continuous process that produces dynamic, adaptive, and cooper-
ative systems rather than fixed products. Surely, within the complex human-AI ecosys-
tems of the future, all kinds of individual agents will exist. Among humans, there will
be leaders and followers, generalists and specialists, untrained and trained, and so on.
Likewise, among technologies, we expect to see everything from single-purpose robots
to increasingly intelligent cognitive agents and beyond. Questions about how to select a
group of humans and AIs to develop an effective team will require a dynamic process
that involves similarly complex dynamics among the team of developers and end-users.
It is within these complex dynamics that we anticipate we will find both the greatest chal-
lenges to our success, as well as novel opportunities that may not have been recognized
without first bringing the system together and observing its collective capabilities.
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