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Abstract

Advances in artificial intelligence and autonomy are reshaping how
humans and technology work together. Increasingly, technology is
understood not only as a tool, but as a teammate, reflecting an emerging
hybrid teaming paradigm. This transition is exemplified in military
aviation through Manned-Unmanned Teaming, where fighter pilots
may operate alongside unmanned aircraft in joint activities. Designing
for such hybrid team activities, however, is a wicked problem. It
demands the integration of the human, the technology, and their relation
around the phenomenon of team intentionality: what is going on, and
what are we going to do about it. Manned—Unmanned Teaming sharpens
this difficulty under conditions of time pressure, task difficulty, and risk
exposure. However, the conceptual basis for designing for team
intentionality remains fragmented across disciplines. This makes it
difficult for researchers and practitioners to determine which intentional
aspects of hybrid teaming to design for, and how. To this end, this thesis
develops a practical framework of team intentionality. Drawing on team
science and intentionality research, the framework is grounded in a
synthesis of established theory and empirical insight. Four included
papers address how intent can be understood, modelled, and designed
for in hybrid teaming. They substantiate the framework theoretically,
methodologically, and empirically, situating this in the Manned—
Unmanned Teaming context under complex and dynamic conditions.
The framework establishes concepts and relations around intentional
states and processes at different levels of agency. It serves as an analytical
and evaluative lens that connects the hybrid teaming paradigm to the
design process. Applied across that process, it foregrounds the
understanding and sharing of intent as essential to such design,
identifying the aspects that members must align. Theoretically, it
introduces team intentionality as a distinct construct within the hybrid
teaming paradigm. In practice, it helps determine which intentional
aspects to design for and how, providing a shared vocabulary across
stakeholders and stages of the design process.
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Sammanfattning

Framsteg inom artificiell intelligens och autonomi forandrar hur
manniskor och teknik arbetar tillsammans. I allt hogre grad forstas
teknik inte bara som ett verktyg, utan som en medaktor, vilket speglar
ett framvixande paradigm kring hybrida team. Denna Gvergang
exemplifieras inom militir flygverksamhet genom bemannat—
obemannat teamarbete, dir stridspiloter forvintas kunna arbeta
tillsammans med obemannade flygfarkoster i gemensamma aktiviteter.
Att designa for sddana hybrida teamaktiviteter ar dock ett svarlost
problem. Det kriver integration av méinniskan, tekniken och deras
relation kring fenomenet teamintentionalitet: vad ar det som pagar, och
vad ska vi gora at det. Bemannat—obemannat teamarbete skiarper denna
svarighet under tidspress, hog uppgiftskomplexitet och riskfyllda
forhallanden. Emellertid dr den begreppsliga grunden for att designa for
teamintentionalitet splittrad mellan olika forskningsfalt. Det gor det
svart for forskare och praktiker att avgora vilka intentionella aspekter av
hybrida team som bor designas for, och hur. I detta syfte utvecklar denna
avhandling ett praktiskt ramverk for teamintentionalitet. Med
utgdngspunkt i forskning om team och intentionalitet grundas
ramverket i en syntes av etablerad teori och empirisk kunskap. Fyra
inkluderade artiklar behandlar hur intentioner kan forstds, modelleras
och designas for i hybrida team. De understodjer ramverket teoretiskt,
metodologiskt och empiriskt, och situerar detta i bemannat—obemannat
teamarbete under komplexa och dynamiska forhéllanden. Ramverket
etablerar begrepp och relationer kring intentionella tillstdind och
processer pa olika nivaer av agens. Det fungerar som en analytisk och
utvarderande lins som kopplar paradigmet kring hybrida team till
designprocessen. Tillimpat genom hela processen lyfter det fram
forstaelsen och delningen av intentioner som vasentliga for sadan
design, och identifierar vilka aspekter medlemmarna behover samordna.
Teoretiskt introducerar det teamintentionalitet som ett eget begrepp
inom paradigmet kring hybrida team. Praktiskt hjalper det till att avgora
vilka intentionella aspekter som bor designas for, och hur, och
tillhandahaller ett gemensamt vokabuladr for olika aktorer och faser i
designprocessen.






Preface

Once upon a time, I meant to write a book. It had two sides: one story
told from two points of view, each seeing part of it, neither seeing the
whole. I never got past meaning to. This is not that book, though it is, I
have come to see, the same problem asked in earnest.

The story that actually happened starts later. Not long after the Big
Bang, give or take, I was working in industry, with no plan to leave. Then
a book on research philosophy fell into my hands, and I made the mistake
of finding it fun. Fun turned into study, philosophy and then psychology,
alongside the job, for no better reason than that each answer kept
opening another question. Then cognitive science. Then a doctoral post.
You know what they say about curiosity and boxes.

None held a cat, alive or dead, and none was quite Pandora’s. Each
just showed me something worth a look, and then, always, one more
worth a look after that. That is the whole of my method, if it deserves the
name: the next thing looked interesting, so I opened it, and never turned
round to see what was piling up behind me. Individual intent looked
worth a look, so I opened it. Inside was a team, which turned out to have
an intentionality of its own, not just intent added up, so I opened that
too. Each step was sensible. It was only ever the sum that got out of hand,
and by the time the heap behind me had quietly become a
neighbourhood, with cross-streets, a drainage problem, and its own
weather, I was already reaching for the next box.

Which is where the doctorate had its way with me, and not gently.
Opening things, it turns out, is the smallest part of the work, and the one
part I turned up already able to do. Everything else simply required me
to become. A presenter, which I dreaded. An editor of my own worst
sentences, a keeper of references, a maker of figures, a defender of
conclusions I had only lately reached, a reopener of everything I had
thought settled, on the advice of Reviewer 2, and a good many other
trades I do not recall applying for. Curiosity got the lid off. It was no help
whatever with anything inside.

For a long time I kept track of all this the way I always had, a note
here and there for whatever seemed worth keeping. One to a box, that
served me well enough. It is no way to keep a place. A note can tell you a
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place is there, but not where it stands against the others, which way its
streets run, what it shares a wall with. For that you need a map, and a
map you draw from inside it, one street at a time, never once seeing the
whole while you are down there among it. So the map came on slowly,
always a little behind the walking, never quite in time to save me the next
wrong turn. What I can hand you is the map, not the walking. It is not
much to look at. Some quarters are tidier than others, and a street or two
plainly went in on a bad week. But it is honest, and it will get you about,
which is more than it ever managed for me in the years I spent laying it.

That map is this thesis, more or less. Which is to say it is the book
after all, or near enough: two points of view, one human and one not,
each seeing part of a situation and neither the whole of it. That was never
a flaw to be fixed. It is the reason there is a thesis at all, because two
partial views do not add up on their own, and making them work together
is the whole of the problem. Muddier than the book I meant to write,
wearing far more theory than it set out to, but recognisably the same
honest question. Not whose view is right, but how two of us, seeing
differently, ever come to understand what is going on between us, and
what to do about it.

Jimmy Hammarback
Linkoping, August 2026
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Thesis Outline

This thesis is structured as follows. The introduction frames the problem,
states the purpose, aim, and research questions, sets the scope, and
positions the research. Three chapters then establish the theoretical
grounding: team intentionality and its foundations in hybrid teaming,
the design perspective through which it is approached, and the
operational domain of Manned—Unmanned Teaming. The methodology
chapter describes the research approach and the knowledge acquisition
underpinning the four papers. The papers are then summarised and
positioned across the design process. The framework chapter develops
team intentionality by design in two parts, framing and realising, and
then reads the case of Manned—Unmanned Teaming through it. A
separate chapter sets out the limitations and future work, and the
conclusion returns to the research questions and to the question that
motivated the thesis.
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Introduction

The introduction presents the problem this thesis sets out to solve: how
to design for team intentionality in joint human—technology activity. As
technology becomes a teammate rather than a tool, understanding and
sharing intent grows mutual, and the conditions of joint activity make it
difficult to establish. Situating this problem requires grounding in both
the nature of the challenge and the state of the research that has
approached it. The remainder is organised in four parts. Background
grounds the challenge and surveys the traditions that have addressed it,
identifying what remains missing: an integrative framework connecting
them to design. Purpose, aim, and research questions set out how this
thesis responds, developing a framework of team intentionality and
asking what may be central to it and how it can inform design.. Scope
and delimitations set the bounds within which its claims hold. Research
positioning establishes the stance from which the work proceeds.

Background

‘T do not understand you. Do you understand me?’ The question is an old
human one. For millennia it has passed between people, never to the
things they made. From the stone tool to the autonomous system,
artefacts have been extensions of human agency, the functional forms
through which existing situations are turned into preferred ones (Simon,
1996). In this ancient relationship, intent flowed in one direction: from
the maker into the made. Advances in artificial intelligence and
autonomy are reshaping that relationship. Technology is increasingly
envisioned not as an instrument but as a teammate, with intent of its own
to be read, and a need to read ours in return. For the first time, the
question passes both ways across the line between the human and the
technology as peers in joint activity.

Teams have long been the established way of organising complex
work, often characterised by distinct membership, clear boundaries,
shared purpose, collective accountability, and activity interdependence
(Cohen, 1997; Hackman, 2011; Kozlowski & Ilgen, 2006; Salas et al.,
1992). For most of this history, the members have been human and the



technology around them used as a tool. Over the past half-century,
however, this perspective has steadily shifted, with technology
increasingly being envisioned as an active member of the team. Within
this joint human—technology activity, various forms of hybrid teaming
have emerged as a new interaction paradigm and research field (Lyons
et al., 2021; O’Neill et al., 2022). Such hybrid teaming spans multiple
domains (O’Neill et al., 2022); for example industry (Baratta et al.,
2023), healthcare (Strong et al., 2026), and defence (El Alami et al.,
2023).

A particular case of hybrid teaming is found in military aviation,
where fighter pilots are envisioned to operate alongside unmanned
aircraft acting as ‘wingmen’ (Jordan, 2021; Stensrud et al., 2024; Taylor
& Turpin, 2015). In such Manned—Unmanned Teaming, the pilot and
wingman are expected to take on different roles and responsibilities in
highly interdependent activities, complementing their respective
strengths to achieve operational synergy (Department of Defense, 2018).
Central to this vision is a wingman with a high degree of autonomy,
acting within its role toward the mission end. Such agency makes
understanding and sharing intent essential, in both directions: the pilot
must understand the wingman, and the wingman the pilot. This points
toward a need for team intentionality: a shared understanding of what
the situation is about, and a coordinated focus on what they are trying to
achieve.

Designing for such team intentionality is difficult even among
humans, where it must be continually established and maintained. In
designing future hybrid teaming, it becomes an envisioned world
problem that is inherently wicked (Rittel & Webber, 1973; Woods &
Dekker, 2000): the teaming does not yet exist, the target moves as it is
designed, and the problem resists clear formulation and solution. In
Manned-Unmanned Teaming, the problem is sharpened, where the
pilot and wingman may operate under high time pressure, task difficulty,
and risk exposure, with high stakes and often irreversible consequences.
The team is also distributed in space, operating across distances that may
be close or great, and cannot rely on communication to maintain team
intentionality. They must instead rely on expectation and observation,
each reading what the other is doing, why, and what will come next,



rather than communicating directly. Together, these conditions place the
weight of teaming on intentionality itself: members must understand
and share intent when the means of conveying it are least available.
Though acute in Manned-Unmanned Teaming, this challenge runs
through hybrid teaming more broadly, wherever humans and technology
engage in joint activity within dynamic and complex environments.

Underlying this challenge is a theoretical and methodological
difficulty: how to conceptualise team intentionality in joint human—
technology activity, identify the aspects that warrant design attention,
and translate those aspects into the design process. Several traditions
have addressed pieces of this puzzle. For example, team science
addresses what this collective unit is, what makes it perform, and how it
can be developed (Kozlowski & Ilgen, 2006; Salas et al., 1992). Within
philosophy, work on collective intentionality addresses phenomena such
as how intentional states extend across members and how joint activity
is possible (Bratman, 1992; Searle, 1983; Tuomela, 2007). In psychology,
research on ‘mind-reading’ examines how humans attribute mental
states to others, laying a foundation for understanding and sharing
intent (Frith & Frith, 2006; Premack & Woodruff, 1978; Tomasello et al.,
2005). In artificial intelligence, ongoing research aims to enable
technology to emulate similar human-like reasoning (Albrecht & Stone,
2018; Tabrez et al.,, 2020; Van-Horenbeke & Peer, 2021). Within
multidisciplinary hybrid teaming research, concepts such as
bidirectional transparency and explainability seek to make members
more interpretable, comprehensible, and predictable to one another
(Bhaskara et al., 2020; Chen et al., 2018; Endsley, 2023). Integrative
perspectives such as Human Factors provide practical guidance for
analysing, designing, and evaluating complex socio-technical systems,
including hybrid teams (Stanton et al., 2017; Wickens et al., 2014). Thus,
while much related research exists, what is missing, as argued here, is a
framework that brings these contributions together by connecting the
conceptual basis for team intentionality to the design of joint human-
technology activity.



Purpose, Aim, and Research Questions

The overarching purpose of this thesis is to support the design of future
joint human—technology activity in operational settings. To this end, the
aim is to develop a practical framework of team intentionality that
seeks to establish central aspects and offer guidance for their use across
the design process. This aim is addressed through two research
questions:

RQ1. What concepts and relations may be central to
analysing team intentionality in joint human—technology
activity?

RQ2. How can these concepts and relations be used in the
process of designing hybrid teaming?

The first question supports the development of the framework
itself, synthesising multiple perspectives into a structured account. It
seeks to provide a unified perspective that makes central concepts and
relations of team intentionality analysable and communicable for
researchers and practitioners. The second question addresses how the
framework can inform design, showing how its concepts and relations
may be used across the design process. It seeks to provide guidance for
identifying and analysing relevant aspects of team intentionality, so that
the framework may serve as an analytical and evaluative lens on design
situations. Together, these questions seek to support the overarching
purpose by making team intentionality more tractable and traceable in
the design of future joint human—technology activity.

Scope and Delimitations

Three deliberate delimitations bound this work: what the framework
covers, where it is grounded, and how it empirically accesses the
intentionality phenomenon. First, the framework addresses central
aspects of team intentionality rather than exhaustive coverage. The
aspects it establishes, while argued to be central, form a bounded
account, offering a structured starting point for analysis, design, and



evaluation of joint human—technology activity. Second, the domain of
investigation and demonstration is Manned—Unmanned Teaming in
military aviation. This domain is a salient and representative instance of
hybrid teaming, and the applied setting within which this research was
conducted. Its demonstration therefore draws on this domain alone. The
framework is nonetheless intended to generalise beyond this setting,
both to other forms of hybrid teaming and to joint human—technology
activity more broadly. Third, the thesis is primarily grounded in
intentionality as envisioned by domain experts rather than as observed
in real settings. The studied domain is a future one, where the teaming
does not yet exist operationally and intent is therefore accessible as
espoused rather than observed in action. It addresses intentional states
and processes as they are envisioned to unfold, even though the
framework itself does not exclude study of enacted intent. Within these
bounds, the thesis offers a principled and structured account of team
intentionality for designing joint human—technology activity.

Research Positing

Given the plurality of disciplines addressing the design of team
intentionality in joint human—technology activity, this thesis argues that
each provides a piece of the puzzle. However, none holds it all (Figure 1).

Team Intentionality
for Joint Human—Technology Activity

Figure 1. Positioning among many contributing disciplines.



The framework therefore draws selectively on established
traditions, each contributing to a different part. Team science provides
the structural basis for what constitutes a collective unit and its activities.
Hybrid teaming research examines how such units relate to established
team structures and what is expected of them, where intentionality
within agency becomes central. Philosophy provides the conceptual basis
of intentionality and agency, within the individual and across the
collective. Psychology contributes the representational foundations of
working together, including how members read one another’s minds.

Hybrid teams are sociotechnical systems in which the human and
the technology achieve together what neither could alone, and their
reasoning must align to do so. Human Factors methods offer the
practical orientation for studying such systems. In particular, methods
from Cognitive Task Analysis and Cognitive Work Analysis focus on
human reasoning and the constraints shaping activity, helping make
team intentionality tractable and traceable. To apply the framework,
design research and practice contributes an account of the design process
and established approaches for supporting team intentionality. It also
sets requirements for a rigorous contribution, so the resulting artefacts
are both practically grounded and scientifically credible. Working at the
intersection of these traditions, the framework developed in this thesis
integrates their contributions to support the design of joint human—
technology activity.

Throughout, the framework treats the technology as a member
with representational and intentional capacity in the operative sense, as
an entity whose states and processes can be analysed and designed for
using the same concepts as the human member. It does not claim
ontological equivalence between human and technological cognition.



Grounding Team Intentionality

Understanding and designing for team intentionality in joint human—
technology activity requires grounding in both the nature of teaming and
the intentional character of the mental states that enable it. On that basis,
the chapter builds toward team intentionality as a construct in its own
right. It is organised in three sections. Teams and Teaming establishes
the conceptual grounding for hybrid teaming: what teams are, how joint
work is done, and the shift from tool to teammate. Individual and
Collective Intentionality provides the philosophical and psychological
foundations for mental states, directed agency, and shared commitment.
Teams and Intentionality then synthesises these into a preliminary
framework for human-technology teams. Together, the three build from
established foundations toward a new account of team intentionality.

Teams and Teaming

Research on traditional human teams has established strong theoretical
foundations and practical guidance (Salas et al., 2024). Building on this
foundation and recent advancements, new forms of hybrid teaming that
integrate humans and technology have become a focal concern (Lyons et
al., 2021; O’Neill et al., 2022). This transition has been described as a
paradigm shift, in which technology is no longer perceived as a tool but
as teammates. To situate this shift, this section establishes a broad
conceptual foundation for what it means to work together. Defining team
structures sets out what teams are as a specific form of collective.
Teaming as an activity examines collaboration, cooperation, and
coordination as distinct but interconnected dimensions of joint work.
Building on these, The Evolution of Hybrid Teaming traces the shift from
tool to teammate, and Foundations in Hybrid Teaming outlines the
research topics this shift has generated. Together, they establish the
conceptual grounding for hybrid teaming on which the chapter builds
team intentionality.



Defining Team Structures
To understand how hybrid human-technology teams relate to
established forms of working together, there is a need to first clarify what
is meant by a team. Team science offers several definitions, typically
described as comprising two or more members with distinct roles who
interact socially and are interdependent in pursuing a shared goal, while
operating within a larger organisational entity (Benishek & Lazzara,
2019). To further examine team structures, Table 1 provides a selection

of definitions.

Table 1. Example of team definitions.

Source

Team definition

(Salas et al.,
1992, p. 4)

(Kozlowski &
Ilgen, 2006,
p-79)

(Cohen,
1997, p. 241)

‘A distinguishable set of two or more people who interact,
dynamically, interdependently, and adaptively toward a
common and valued goal/objective/mission, and who have
each been assigned specific roles or functions to perform, and
who have a limited life-span of membership’

‘(a) two or more individuals3 who (b) socially interact (face-
to-face or, increasingly, virtually); (c) possess one or more
common goals; (d) are brought together to perform
organizationally relevant tasks; (e) exhibit interdependencies
with respect to workflow, goals, and outcomes; (f) have
different roles and responsibilities; and (g) are together
embedded in an encompassing organizational system, with
boundaries and linkages to the broader system context and
task environment’

‘A collection of individuals who are interdependent in their
tasks, who share responsibility for outcomes, who see
themselves and who are seen by others as an intact social
entity embedded in one or more larger social systems, and
who manage their relationships across organizational
boundaries’




‘Intact social systems whose members work together to
achieve a common purpose. They have clear boundaries that
distinguish members from nonmembers. They work
interdependently to generate a product for which members
have collective, rather than individual, accountability. And
they have at least moderate stability, which gives members
time to learn how to work well together’

(Hackman,
2011, p. 51)

By examining these definitions, five structural aspects emerge to
help distinguish teams from other forms of groups or collectives:
membership, boundaries, purpose, accountability, and interdependence.

1. Membership. The definitions emphasise that a team is a
recognisable unit; a distinguishable set of people who socially
interact (Kozlowski & Ilgen, 2006; Salas et al., 1992). It is
perceived as an intact social entity, identifiable by both members
and others, with clear delineations between members and non-
members (Cohen, 1997; Hackman, 2011).

2. Boundaries. The definitions imply that teams are embedded in
a broader social system or task environment, with boundary
interfaces and linkages to the wider context (Cohen, 1997;
Kozlowski & Ilgen, 2006). They also assume temporal
boundedness—either through limited membership life-span or at
least moderate stability over time (Hackman, 2011; Salas et al.,
1992).

3. Purpose. The definitions converge on teams as purpose-
oriented units: members pursue a common and valued goal,
objective, or mission (Salas et al., 1992); and work together to
achieve a common purpose or outcome (Cohen, 1997; Hackman,
2011). Kozlowski and Ilgen (2006) similarly emphasise one or
more common goals.



4. Accountability. The definitions imply differentiation and
accountability: members are assigned specific roles or functions
(Salas et al., 1992); hold different roles and responsibilities
(Kozlowski & Ilgen, 2006). Outcomes are treated as collectively
owned through shared responsibility and accountability (Cohen,
1997; Hackman, 2011).

5. Interdependence. Across the definitions, interdependence is a
core distinguishing feature: teams are described as interacting
interdependently toward a mission (Salas et al., 1992); exhibiting
interdependencies in workflow, goals, and outcomes (Kozlowski
& Tlgen, 2006); and being interdependent in their tasks (Cohen,
1997). Hackman (2011) reinforces this by treating
interdependent work as central to producing a shared output.

Together, these facets do not draw sharp lines between collectives,
groups, and teams. Rather, membership, boundaries, purpose,
accountability, and interdependence are structural properties that,
present together, identify a team as a particular form of collective, more
clearly bounded and tightly coupled than looser groups where these
facets are weaker or less defined.

Teaming as an Activity

The noun team is closely related to the verb teaming, which shifts
attention from the entity to the joint activity (Edmondson, 2012). Where
classic team models emphasise designable structures within a unit,
teaming emphasises the mindset and practices that enable teamwork
when stable membership and boundaries cannot be assumed, as in high-
tempo operational settings where teams form, adapt, and dissolve
around changing demands. Teamwork, whether in stable teams or
through occasional teaming, is often discussed in relation to terms such
as collaboration, cooperation, and coordination. These concepts have
been used to describe interaction in a variety of ways and are sometimes
treated synonymously (Bedwell et al., 2012; Castafier & Oliveira, 2020).
For clarity, distinctions are made here by focusing on different aspects of
team interactions.
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¢ Collaboration is defined as an evolving process in which two or
more social entities actively and reciprocally participate toward
at least one shared goal (Bedwell et al., 2012). It is often
understood as the general, overarching notion of joint work, of
which teams and teaming are an instantiation, and within which
cooperation and coordination fall as narrower dimensions
(Bedwell et al., 2012; Castaner & Oliveira, 2020).

¢ Cooperation occurs when an individual pays a cost for another
individual to receive a benefit (Nowak, 2006); in collaborative
settings, this is commonly interpreted as an attitudinal
predisposition to prioritise collective goals over individual ones
(Bedwell et al., 2012). For teams and teaming, this underscores
willingness to incur cost for others as a key condition for joint
work under uncertainty.

e Coordination has been defined in terms of managing
interdependencies between activities (Malone & Crowston,
1994). For teams and teaming, it focuses attention on what these
interdependencies in activities are. For example, different forms
of such interdependencies have been identified, including
pooled, sequential, reciprocal, and team interdependencies,
which reflect increasing structural relationships among tasks
(Saavedra et al., 1993).

Together, these conceptualisations frame collaboration as a joint
process where participants are mutually engaged toward shared goals,
cooperation as the attitudinal basis for prioritising collective ends, and
coordination as the management of interdependencies. For teams and
teaming, this distinction carries prescriptive implications, as effective
teamwork depends on the simultaneous integration of all three modes.
Building on the progression from pooled to sequential, reciprocal, and
team interdependencies (Saavedra et al., 1993), Figure 2 relates forms of
task structure to their inherent interaction requirements. As the activity
moves toward tightly coupled, simultaneous, and multidirectional flows,
the demands of all three modes rise together. Teaming thus occupies the
high end of this continuum, where the complexity of these collective
demands may necessitate their most integrated forms.
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Figure 2. Task interdependence across coordination, cooperation, and collaboration.

Naturally, as noted by Salas (1992), what constitutes a ‘team’ may
lie on a continuum. Cooke and colleagues (2024) similarly propose that
‘teamness’ can be positioned on a multidimensional continuum,
including dimensions such as coordination, to examine how team-like a
unit appears in a specific situation. As such, structural aspects of teams
may allow a degree of fluidity across a variety of forms, as exemplified by
human-animal collaboration (Quan et al., 2024). Such hybrid forms
have been proposed as useful references for designing future human—
technology teams (Cooke et al., 2024; Lum & Phillips, 2024; Phillips et
al., 2015).

The Evolution of Hybrid Teaming

Driven by increasing domain demands and enabling advancements,
forms in which human and technology are working together as teams
have emerged. This has been recognised as a new interaction paradigm,
often emphasising that technology is no longer perceived as a tool but as
ateammate (Lyons et al., 2021; O’'Neill et al., 2022; Rix, 2022). Although
the term ‘hybrid teaming’ is not established, it is deliberately used here
as a broad unifying class that encompasses a variety of vernaculars such
as Human-Agent Teaming (Chung et al., 2026), Human-AI Teaming
(Berretta et al., 2023), Human-Autonomy Teaming (O’Neill et al., 2022),
Human-Robot Team (Wolf & Stock-Homburg, 2023), or Human-
Machine Team (Stowers et al., 2021).
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While seen as a paradigm shift, the idea of human and technology
working together has a long history. For example, human—technology
relations have been described using a range of constructs, including
systems, cooperation, coordination, collaboration, and teaming. To
provide an overview of this literature, a Scopus search identified 20,313
records published between 1975 and 2025.! As illustrated in Figure 3,
publications in this area remained relatively limited for several decades
before increasing from the early 2000s and accelerating rapidly after the
mid-2010s.
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Figure 3. Publications on human—technology relations indexed in Scopus, 1975—2025.

Although no consistent terminology exists to distinguish the
various vernaculars used in this literature (Sun & Qiu, 2025), it is here
assumed that terms reflect the disciplinary lens through which the
relation between human and technology has been examined over time.
For example, earlier work predominantly relied on system-oriented

! Scopus search query: TITLE-ABS-KEY(("human-robot" OR "human-agent" OR
"human-machine" OR "human-ai" OR "human-autonomy" OR "human-automation"
OR "human-computer") PRE/1 (system* OR collaborat* OR cooperat* OR coordinat*
OR team™)). Results were limited to English-language journal articles, conference
papers, reviews, and conference reviews, up to and including 2025
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descriptions, whereas later literature increasingly adopted terms such as
coordination, cooperation, collaboration, and, more recently, teaming.
This variation in terminology is illustrated in Figure 4, showing a gradual
shift in how authors have framed human and technology working
together. As illustrated, system-oriented descriptions dominated until
the early 2000s. From the mid-2010s onward, collaboration and teaming
terms grew rapidly, reflecting the shift toward treating technology as a
partner rather than a component.
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Figure 4. Proportional distribution of terminology used to describe the relationship
between Proportional distribution of relational terminology across time intervals.

Further analysis of these trends shows that early descriptions of
man-machine systems treated humans and mechanical elements as
parts of a single system, focusing on their interactions and describing
their relationship in terms of input and output reciprocity (McRuer &
Krendel, 1962). Within this tradition, Sheridan (2002) argued that
human-—-automation system design should move beyond allocating
separate functions and instead aim for a symbiotic integration of
complementary strengths, with cooperation as the goal. Concepts of
human and technology collaborating date back about 50 years, and
research in this area has grown substantially over time—almost to the
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degree that it has replaced earlier system-oriented vernaculars. Here,
Human-Machine Collaboration is often understood as an all-
encompassing term that includes cooperation and coordination across
multiple domains (Li et al., 2023; Sun & Qiu, 2025). At its core, the
discipline seeks to support human tasks in joint activities. As with the
notion that collaboration may, at times, subsume other concepts
(Bedwell et al., 2012), such as cooperation (Sun & Qiu, 2025), it becomes
difficult to separate the characteristics of the studied relationship.
However, the trend also indicates the emergence of hybrid teaming
concepts from the 1990s onward. Table 2 shows a selection of definitions
that illustrate a shift from a system-oriented perspective to collaboration
and, subsequently, teaming. While each vernacular may have its own
time and place, they all share the idea that human and technology are
engaged as partners in task performance.

Table 2. Example definitions of human—technology relations.

Label Definition

Man-Machine ‘[A] system comprising a machine and an actively

system participating individual man’ (McRuer & Krendel, 1962,
p. 1117)

‘[A] system that can modify its behaviour on the basis of
experience so as to achieve specific anti-entropic ends’
(Hollnagel & Woods, 2005, p. 22).

Joint  Cognitive
system

‘[A] trait concerning the degree to which a machine is
generally agreeable in its relations, behavior and
interaction with humans, or better: complementary to
human needs, as opposed to competitive, aggressively
self-centred or hostile’ (Flemisch et al., 2019, p. 558)

Human—Machine
Cooperation
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Human—Machine
Collaboration

Human-Robot
Collaboration

Hunman—-Robot
team

Hunman—Agent
Team

Human-
Autonomy
Teaming

‘[H] uman and intelligent machines working together to
accomplish work. There is a clear division of labor, with
intelligent machines doing the highly repetitive and
mundane work and humans tending to the complex and
creative work. Both work together to make a significant
impact on employees, organizations, and society.
Intelligent machines refer to AI, robotics and
algorithms’ (Li et al., 2023, p. 2922)

‘(E]nvironments in which human (human operator) and
robot come into contact forming a tightly coupled
dynamic system to perform a task’ (Baratta et al., 2023,
p- 1890)

‘(H]umans and robots, who perform joint tasks, share
common goals, interact socially and exhibit task
interdependencies’ (Wolf & Stock-Homburg, 2020, p.
247)

‘(OIne or more humans and one or more [intelligent
agents] who socially interact (face-to-face or virtually);
possess one or more common goals; exhibits
interdependencies with respect to workflow, goals, and
outcomes; and has distinct roles’ (Iftikhar et al., 2024,
p. 10140)

‘[IInterdependence in activity and outcomes involving
one or more humans and one or more autonomous
agents, wherein each human and autonomous agent is
recognized as a unique team member occupying a
distinct role on the team, and in which the members
strive to achieve a common goal as a collective’ (O’Neill
et al., 2022, p. 8)
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‘[A] process between one or more human(s) and one or
more (partially) autonomous Al system(s) acting as
team members with unique and complementary
capabilities, who work interdependently toward a

Human—AlI common goal. The team members’ roles are dynamically

teaming adapting throughout the collaboration, requiring
coordination and mutual communication to meet each
other’s and the task’s requirements. For this, a mutual
sharing of intents, shared situational awareness and
developing shared mental models are necessary, as well
as trust within the team’ (Berretta et al., 2023, p. 23)

As the table shows, the definitions reflect a change. Early views
considered humans and technology as components of a system. Later
perspectives emphasised technology as supporting and complementing
human tasks and needs. More recent definitions conceptualise humans
and technology as tightly coupled in tasks and as collaborating,
cooperating, and coordinating team members. Thus, when considering
team definitions (see Defining Team Structures), there appears to be
little difference from traditional human teams, with distinctions instead
based on perceived autonomy and humanness of the technology (Harris-
Watson & Larson, 2026).

Taken together, the rapid growth of research and the shift in
conceptual framing reflect the recognition of hybrid teaming as an
emerging paradigm. Indeed, while still a relatively new area of research,
it has been suggested that it should be recognised as a field in its own
right, while continuing to draw on related disciplines (McNeese et al.,
2023).

Foundations in Hybrid Teaming

Research on hybrid teams and teaming is multidisciplinary, drawing on
human sciences such as psychology and team science, engineering
disciplines such as artificial intelligence and robotics, and integrative
fields such as human factors and human—computer interaction (Li et al.,
2023; Lyons et al., 2021; O’Neill et al., 2023; Patel et al., 2025). Building
on these foundations, there is a need for a unified perspective that
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addresses the human, the technology, and their relation as an integrative
whole (Berretta et al., 2023; Iftikhar et al., 2024; McNeese et al., 2023;
Singh et al.,, 2026). Of the many structures and processes such a
perspective would span, this overview takes up those foundational to
team intentionality: agency, shared and team cognition, and the
understanding and sharing of intent.

Agency and Autonomy
Agency is central to hybrid teams and teaming (Berretta et al., 2023;
Iftikhar et al., 2024; Lyons et al., 2021; O’Neill et al., 2022). Here, agency
refers to a system’s emergent property of autonomously regulating its
coupling with the environment according to criteria established in its
viability conditions (Barandiaran et al., 2009). As such, agentive
regulation is guided by standards that provide the evaluative basis for
adaptivity. Such adaptivity is often described in terms of autonomy. In
hybrid teaming, autonomy is commonly operationalised as hierarchical
levels, often describing the allocation of roles or functions to the human
or technology along a continuum from manual to autonomous
performance (Lundberg et al., 2026; Vagia et al., 2016). More broadly,
autonomy is a relational notion: an agent is autonomous in terms a goal
in its dependence on other agents and environment (Castelfranchi,
2000; Kaber, 2018). On this view, autonomy is the complement of
dependence, grounded in a member’s repertoire for managing the
interdependences through which its agency regulates its coupling with
other members and the environment (Barandiaran et al., 2009;
Castelfranchi, 2000). Autonomy may further be characterised by two
dimensions: self-sufficiency, a practical capability to act without outside
assistance; and self-directedness, a deontic authority to form and pursue
goals of its own (Bradshaw et al., 2004; Castelfranchi, 2000; Kaber,
2018). Because it is relational, autonomy is variable, as
interdependencies may change over time, shaping who, what, when, and
how members can and may perform activities as situations unfold
(Lundberg et al., 2026). Taken together, autonomy describes the extent
to which a member governs its own agency within the team.

At the individual level, research consistently indicates that agency
is a prerequisite for hybrid teaming, serving distinct functions for human
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and technology. For the human, it centres on maintaining a sense of
one’s own agency—being an active participant in control of actions and
their consequences (Berberian, 2019)—alongside perceiving the
technology as an agent with utility in its distinct team role (Baltrusch et
al., 2022; Wynne & Lyons, 2018). For the technology, such perceived
agency and utility, together with sufficient autonomy, are considered
necessary to move it from tool to teammate status (Harris-Watson &
Larson, 2026; O’Neill et al., 2022; Schelble et al., 2020). Notably, such
agency concerns what is perceived or attributed, rather than possessed.
Together, the agency of individual members form team agency through
a network of interdependent processes (Barandiaran et al., 2009),
providing synergistic effects that seek to combine and complement the
capabilities of human and technology (Berretta et al., 2023; Iftikhar et
al., 2024).

Shared and Team Cognition
When human and technology work together as group or team members,
similar and accurate understanding of the task and mission environment
is necessary (Andrews et al., 2023; Cooke et al., 2024; Mohammed et al.,
2021; Ososky et al., 2012). Such collective understanding is often studied
within the shared and team cognition frameworks, including constructs
such as shared or team mental models alongside shared and team
situation awareness. Generally, mental models are commonly described
as internal knowledge structures that individuals use to describe,
explain, and predict real or imagined states of affairs (Andrews et al.,
2023; Johnson-Laird, 1983; Rouse & Morris, 1986). These models are
limited and simplified representations that evolve over time through
experience. Situation awareness, by contrast, is a transient state of
knowledge that arises from these mental models together with
perception of the environment, the two evolving reciprocally (Andrews
et al., 2023; Endsley, 2015, 2023). Following Endsley (1995), situation
awareness can be structured across three levels: perceiving
environmental elements, comprehending their significance, and
projecting their future status.

As part of this representational capacity, understanding and
sharing intent is recognised as critical in all forms of teaming. It has long
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been regarded as core to adaptive coordination in complex and dynamic
situations (Klein, 1994, 1999; Pigeau & McCann, 2006), and increasingly
so in hybrid teaming contexts (Berretta et al., 2023; Lyons et al., 2021;
O’Neill et al., 2022; Schneider et al., 2022; Singh et al., 2026; Tsamados
et al.,, 2025). In effect, understanding and sharing intent establish
sufficient grounding for proactive coordination based on expectations,
rather than reactive interpretations. Furthermore, when intent remains
sufficiently stable, shared expectations allow members to distribute
attention and planning over time. This supports workload management
across the team (Howard & Cambria, 2013; Lyons et al., 2021; Schneider
et al.,, 2022; Singh et al.,, 2026; Tsamados et al., 2025). Shared
expectations also support trust calibration, helping members align
interpretations and mitigate misperceptions of each other’s behaviour
(Chen et al., 2018; de Visser et al., 2020; Schaefer et al., 2017).

Together, agency, shared and team representations, and the
capacity to understand and share intent constitute interconnected
concerns. Through these, the hybrid teaming paradigm conceptualises
effective joint action. These concerns share a common underlying
character: they involve mental states and actions that are about and
directed toward something in the world and toward one another. To this
end, the following chapters turn to intentionality, first in its individual
form, before extending to collective and team forms in the hybrid
teaming context.

Individual and Collective Intentionality

Understanding how team members come to be coordinated around
shared ends requires an account of the states and processes underlying
their joint activity. Intentionality, the property by which individuals and
collectives are about and directed toward the world, offers such an
account. Different traditions have emphasised different aspects:
epistemic aboutness and conative directedness. Aboutness concerns the
states that give rise to meaning, such as knowledge, assumption, and
belief. Directedness concerns those that motivate and orient, such as
wish, desire, and intent. The two cannot be meaningfully separated, since
what a state is directed toward shapes what it is about, and what it is
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about shapes what it can be directed toward. This section develops an
account of intentionality, from the individual to the collective. Epistemic
Aboutness examines how intentional states represent and give meaning
to situations through frames and framing. Conative Directedness
examines how they motivate and orient agents toward what is sought.
Shared and Collective Intentionality then extends these to states held
and directed across members of a collective. Together, they ground how
intentionality arises and extends from the individual to the collective.

Epistemic Aboutness

The contemporary use of intentionality as mental states being about or
directed toward something is often traced to Brentano (1995). In his
treatment of the psychology of perception, he described the ‘intentional
(or mental) inexistence of an object’, a reference to a content and a
direction toward an object. This account highlights that intentional
states are always directed toward something and are about that thing.
Intentionality is a way of structuring experience, perceiving-as, judging-
that, or intending-to, rather than a feeling or sensation. As such, it is
inherently representational and relational, independent of whether the
object of perception is real or imagined.

Building on this characterisation, Searle (1983) treats
intentionality as a property of mental states and events by which they are
directed at, about, or of objects and states of affairs in the world. These
intentional states are structured as a psychological mode (the manner of
the state, such as believing or desiring) paired with a representative
content (what the state is about, such as a specific object or event). Their
content is grounded in a Network of intentional states, including both
epistemic (e.g., beliefs, assumptions, knowledge) and conative (e.g.,
desire, preference, wish), that define their conditions of satisfaction
under which they are met. The functioning of this Network, and the
conditions of satisfaction it defines, presupposes the Background: a
precondition of capacities, abilities, skills, stances, practices, and know-
how on which intentional states depend.

Considering intentionality as the mind being directed at, about, or
of objects and states of affairs, frame theory provides both a structural

account of representative content and of sensemaking processes. Frames
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have been described as structural networks of nodes representing
stereotypical situations (Minsky, 1974, 1975). The top layer of nodes
captures features that must hold for the situation to be recognised as
such. At the same time, lower-level terminals function as conditional
slots to be filled with relevant data from memory or the environment.
From the perspective of intentionality (Searle, 1983), this network
provides an internal structure setting standards for what must be true
for conditions of satisfaction to be met. That is, for the psychological
mode of belief, conditions of satisfaction are met if and only if the
representative content matches the actual state of affairs. Here, a frame
forms that content, and the belief is satisfied only when the situation as
framed matches the world.

Functionally, the frame structure also acts as a cognitive filter to
manage information overflow (Klein et al., 2006, 2007). Because the
frame structure, specifically its slots and relations, determines which
aspects of the context are noticed, it selectively guides attention toward
information that is relevant for the particular situation. In this manner,
frames delineate the situation from its broader context by surfacing
certain aspects while submerging others, thereby structuring attention
and relevance. From the perspective of intentionality (Searle, 1983), this
bounds which aspects of the world the mind is directed toward. Rather
than attempting an exhaustive representation of reality, frames function
to construct specific and plausible beliefs by directing attention only to
the information required to satisfy their internal structural
requirements.

With these representational capacities, frames also function as
explanatory structures that ascribe meaning through the active process
of sensemaking (Klein et al., 2006, 2007). This process is triggered when
data serve as anchors, eliciting an initial frame from memory that
matches the fixed structural features of a stereotypical situation, such as
the top-level nodes proposed by Minsky (1974, 1975). Once a situation
has been recognised, sensemaking continues as frames are elaborated
and preserved by adding slots and relations, or by filling slots to make
sense of events. Frames may also be questioned by detecting and tracking
mismatches to assess their plausibility, which may lead to reframing:
searching for and comparing alternative frames and, eventually,
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adopting a more plausible one (Klein et al., 2006, 2007). From the
perspective of intentionality (Searle, 1983), this corresponds to
situations in which conditions of satisfaction are not met, prompting
reassessment and potential reframing to align beliefs with the world.
These notions highlight framing as a continuous process of aligning data
and frames to construct coherent and plausible beliefs directed at, about,
and of specific situations.

Beyond these representative and sensemaking capacities, frames
connect to related constructs such as schema, scripts, mental models,
and situation awareness (Klein et al., 2007; Lundberg, 2015). Klein and
colleagues (2007) propose frames as an overarching construct that
synthesises schema, scripts, and mental models within sensemaking, the
process by which situation awareness manifests. This process is
dynamic: framing is anchored in the present but also has a temporal
dimension. For example, Lundberg’s (2015) model suggests that
situation awareness is guided by plans and event developments, yielding
‘snapshots’ that support diagnosis and prognosis of past, present, and
projected states over a time horizon. From the perspective of
intentionality (Searle, 1983), diagnosing and projecting across these
states draws on the Background, the capacity to shift stances and revise
the Network by instantiating and synthesising relevant mental models,
schemas, and scripts.

Taken together, these accounts suggest that the epistemic aspect of
intentionality is not a passive representation of the world but an active,
selective, and dynamic relation to it. The mind is directed at, about, and
of a situation, constructing a plausible rather than exhaustive picture.
Grounded in the Network and enabled by the Background, this picture is
continually realigned as events unfold.

Conative Directedness

Where the epistemic aspect of intentionality concerns the meaning and
content of states, the conative aspect accounts for their teleological
orientation. To simplify the distinction, the following uses the term
‘intent’ to characterise the conative aspect of intentionality, where states
and actions are deliberately directed toward ends under the guidance of

reasoning and behavioural control. While intentionality as aboutness
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and directedness is relatively stable across the literature, intent has been
conceptualised in more diverse ways. Researchers often fail to
distinguish between intent-as-expectations, intent-as-plans, and intent-
as-wants (Soderlund, 2002). Intent has also been recognised as a
motivation (Freedman & Zilberstein, 2019), a goal (Van-Horenbeke &
Peer, 2021), and as a broader concept that connects means with ends
(Tubbs & Ekeberg, 1991). Table 3 presents a selection of descriptions of
intent across domains to illustrate the diversity.

Table 3. Overview of how intent has been conceptualised across domains.

Domain Characterisation of intent

Intentional action is a description of behaviour identified

Philosophy by the question ‘Why?’, which connects physical acts to a
logical chain of reasons directed toward an end
(Anscombe, 2000)

Intent is a primary reason—a pair consisting of a pro-
attitude and a belief—that functions as the rational cause
of an action under a specific description (Davidson, 1963)

Philosophy

Intent is a causally self-referential mental state that
unifies mental effort and bodily movement into a single
unit to satisfy conditions (Searle, 1983)

Philosophy

Intent is characterised as a conduct-controlling pro-
attitude whereby commitments to choices function as the
building blocks of hierarchical plans to coordinate
behaviour over time. Beyond initiating planned action
when the time is right, reasoning around settled decisions
functions to resist reconsiderations and filter
inadmissible choices (Bratman, 1987)

Philosophy

Intent is a motivational state representing an individual’s

Psychology willingness to exert effort; it is the immediate precursor to
behaviour determined by attitudes, norms, and perceived
control (Ajzen, 1991)
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Intent is separated into goal intentions (commitment to

Psychology an end) and implementation intentions (if-then plans)
that delegate behavioural control to anticipated
situational cues (Gollwitzer, 1993)

Intent is a three-tiered dynamic cascade consisting of
Cognitive distal (future-directed/conceptual), proximal
science (situated/indexical), and motor (sensor-motor) levels

that progressively specify and monitor an action to satisfy

various forms of agency and control (Pacherie, 2008)

Intent is a purpose or aim with all its associated
Military connotations, functioning to bound behaviour within an

acceptable solution space to enable coordinated action

under various circumstances (Pigeau & McCann, 2006)

Intent is a mental model comprised of goals with

Hybrid teaming  ,q50ciated qualities and priorities, hard and soft execution
constraints, plans in terms of sequencing and timing
(Schneider & Miller, 2018)

Given this diversity, it is unsurprising that theoretical and
empirical ambiguities persist. This plurality need not be interpreted as
conceptual inconsistency, however. Rather, the accounts selectively
articulate different structural dimensions of intent, and read together
they form a progression. Intent renders behaviour intelligible as
authored action (Anscombe, 2000). It is formalised as the primary
reason, a pro-attitude paired with a belief, that justifies and causes action
(Davidson, 1963). Searle (1983) adds a further distinction: intent is not
only a cause of action but causally self-referential, set apart from other
pro-attitudes by referring to itself in its own execution. Over time,
commitments to intended ends embed specific means into hierarchical
plans, providing rational inertia that filters inadmissible options,
supports coordination, and specifies partial plans as they fill into
subplans toward action (Bratman, 1987). This control of conduct
sharpens as action nears: goal intentions become implementation
intentions triggered by situational cues (Gollwitzer, 1993), through the
willingness to exert effort at the threshold (Ajzen, 1991). At the motor
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end, intent becomes present-directed and self-referential: the
commitment brings about its own conditions of satisfaction, no longer
specifying toward action but regulating it as it unfolds (Pacherie, 2008;
Searle, 1983). At the level of joint activity, the totality of intent, an aim or
purpose with all its associated connotations, bounds behaviour within an
acceptable solution space (Pigeau & McCann, 2006). This space may be
operationalisable through goals, constraints, and plans (Schneider &
Miller, 2018).

Taken together, these accounts suggest that intent is not a single,
uniform construct but a multidimensional one. It spans from making
individual actions intelligible to structuring agency over time. By
foregrounding different elements, such as pro-attitudes, hierarchical
plans, implementation rules, and structural constraints, they collectively
outline the representative content through which agents guide their
behaviour in changing circumstances.

Shared and Collective Intentionality

The transition from individual to shared and collective intentionality
marks a shift in the unit of agency from the singular to the plural subject.
Bratman (1992) lays the groundwork for this transition by characterising
Shared Cooperative Activity through three features: mutual
responsiveness in aligning plans and coordinating actions, commitment
to the joint activity, and commitment to mutual support in each other’s
roles. Coordination, on this account, arises through the meshing of plans,
as participants align their individual strategies to be compatible and non-
conflicting in pursuit of a shared goal. Building on this idea, Tomasello
and colleagues (2005) model intentional action as a cybernetic control
system: a self-regulating loop of an internal goal, an action plan, and
continuous perceptual monitoring. In shared intentionality, humans are
motivated to share these mental states for collaboration. This transforms
the individual monitoring loop into joint attention, establishing the
common ground necessary to coordinate perceptions and track each
other’s intent in real time. Crucially, cognitive representations of self and
other provide a holistic bird's-eye view of the social engagement. Holding
both in a single format, these structures allow participants to understand
how their different but complementary roles intersect, coordinate
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specific action plans, and provide mutual support as the interaction
unfolds.

As agency extends toward the group level, Tomasello (2014)
identifies a transition from shared to collective intentionality, defined by
group-mindedness: individuals coordinate with any participant in the
collective through shared norms, evaluating and regulating their own
performance against collective standards rather than tracking a specific
partner. Tuomela (2007) describes such agency through the distinction
between the ‘I-mode’ and the ‘we-mode’. In the I-mode, a participant acts
as a private agent for individualistic reasons. In the we-mode, the group
ethos, the collectively accepted goals, values, and beliefs, serves as the
reason for action. The transition is anchored by a collective condition,
specifying that a goal is satisfied for one member if and only if it is
satisfied for all. This is a social extension of Searle’s (1983) conditions of
satisfaction into a shared standard for the ‘we-together’ unit.

Together, these accounts show that collective agency is not merely
coordinated individual action but a structural reorganisation of agency
itself: alongside organising perceptions and meshing plans through a
bird’s-eye view, collectives regulate behaviour in the we-mode against
higher-order standards.

Teams and Intentionality

Team intentionality concerns the emergence and evolution of intentional
states, encompassing members’ epistemic aboutness (e.g., awareness)
and conative directedness (e.g., intent). It seeks to address the ‘lifespan’
of intentional states that enable individual and collective agency in team
constellations. At the core of team intentionality is the capacity to
understand and share intent, fostered by the continuous alignment of
mental states and behaviours. This section develops a conceptualisation
of team intentionality by drawing selectively on team science and
intentionality research, focusing on the human—technology
constellation. It is organised around three interconnected perspectives:
the structural foundation sets out what team intentionality involves
through the characteristics and relations that define a team; the
representational foundations examine the models and knowledge that
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enable team agency; and mindreading introduces the meta-
representational capacity through which members access and reason
about each other's intentional states. Together, these perspectives build
toward a preliminary framework of team intentionality.

Structural Foundation

While the concept of team intentionality is not established, related work
suggests that insights into collective intentionality can be gained through
team agency (Gold & Sugden, 2007). As teams constitute a specific form
of group or collective (Bradshaw et al., 2004; Cannon-Bowers et al.,
1993; Wynne & Lyons, 2018), this warrants a more focused delineation.
Conversely, while the need for teams to understand and share intent is
well established (Klein, 1999; Lyons et al., 2021; Pigeau & McCann,
2006), the research remains fragmented or implicit; shared and team
cognition constructs, for example, are inherently representational, but
their link to collective agency is less elaborated. Positioning team
intentionality at the intersection of team science and intentionality
research, the characterisation draws on team structures: perceivable
membership, defined boundaries, shared purpose, established
accountability, and activity interdependence (see Defining Team
Structures). These serve as a basis for aligning converging ideas across
the two fields.

Membership defines who is in or out of the team, thereby fixing
the scope of whose intentionality counts in joint activity. In hybrid
teaming, the criterion is well recognised; perceiving the technology as a
team member is sometimes described as a prerequisite (Harris-Watson
& Larson, 2026; O’Neill et al., 2022; Wynne & Lyons, 2018). Perceiving
participants as members enables the adoption of a basic compact—a
commitment that facilitates coordination when working toward shared
goals in joint activity (Klein et al., 2004, 2005). Such commitment
functions as a social glue, furthering the ethos by which members stand
and fall together (Tuomela, 2007) and establishing a ‘sense of us’ that
attracts members toward the team (Lakhmani et al., 2022). Recognising
the team as a distinct unit also grounds a perspectival shift. This has been
described variously as adopting a ‘we-frame’, from asking ‘what should I
do?’ to ‘what should we do?’ (Gold & Sugden, 2007); transitioning from
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an ‘I-perspective’ to a ‘we-perspective’ (Tuomela, 2007); shifting
mindset for teaming in practice (Edmondson, 2012); or taking a ‘bird’s-
eye view’ as a shared point of reference (Tomasello et al., 2005). These
related notions describe the same capacity: changing stance across levels
of agency. Thus, from a team intentionality perspective, membership not
only defines who counts in joint activity but also binds members through
shared commitments, enabling the shift from individual to collective
agency.

Boundaries position the team within a social system, with
relational interfaces to other entities. Within a social ontology, an
organisation or institution may authorise operative members to act on
its behalf. Its ethos, comprising goals, standards, and beliefs, situates
and regulates that agency within a broader task context (Tuomela, 2007).
Such declarations set the conditions of satisfaction for task and team
criteria (Searle, 1983), typically bounding a solution space for acceptable
behaviours and outcomes (Pigeau & McCann, 2006). In hybrid teams,
these bounds can be viewed through the descriptive ability (self-
sufficiency) and prescriptive authority (self-directedness) of the
individual member or the team as a whole (Barandiaran et al., 2009;
Bradshaw et al., 2004; Kaber, 2018): the former assessed through, for
example, knowledge, skills, competencies, and characteristics
(Bradshaw et al., 2004; McNeese et al., 2019); the latter defined by
policies specifying what should be done, including the obligations and
requirements governing action. Thus, from a team intentionality
perspective, the shared ethos provides the purpose and norms by which
members regulate and evaluate (Tomasello et al., 2005; Tsamados et al.,
2025; Tuomela, 2007), supplying both reasons and means for implicit
coordination.

Purpose is a central tenet for motivating and committing
members toward shared and valued objectives or missions. It establishes
a teleological anchor for the team’s existence, setting the direction and
aboutness of individual and collective agency. In this respect, the ethos
and operational standards may enable the adoption of a ‘team frame’
when striving to accomplish authorised and delegated goals (Gold &
Sugden, 2007; Tomasello et al., 2005; Tuomela, 2007). Such a frame is
necessary for understanding and sharing intent (Tomasello et al., 2005),
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which is foundational for adaptive coordination (Klein, 1999; Pigeau &
McCann, 2006). In hybrid teams, this broader notion of intent, along
with the team perspective, may be established through the basic
compact, in which members are committed to continuous alignment to
maintain common ground and remain mutually directable and
predictable as conditions and priorities change (Klein et al., 2004, 2005).
Thus, from a team intentionality perspective, purpose not only motivates
pursuit of shared objectives but also entails the continuous alignment
required for coordinated activity.

Accountability for task and team outcomes is often structured
through assigned roles or functions, with associated responsibilities. The
directedness and aboutness of members’ intentionality are oriented
through these roles to support the delineation of tasks, while
commitment to collective responsibility establishes accountability for
outcomes within team agency (Gold & Sugden, 2007; Tuomela, 2007).
This implies a perspectival shift between the I-mode and we-mode, to
grasp both the responsibilities distinct to each member and the shared
responsibilities that collective accountability requires. Such shifts
necessitate a team-level view, fostering commitment to one’s own and
others’ contributions across mental states, actions, and outcomes
(Bratman, 1992; Dennett, 1987; Tomasello et al., 2005). In hybrid teams,
the need for distinct roles for human and technology is well recognised
(Berretta et al., 2023; Harris-Watson & Larson, 2026; O’Neill et al.,
2022), often envisioned through dynamic task or function allocation that
assigns responsibility and authority to the most appropriate member in
the situation (Ososky et al., 2012; Roth et al.,, 2019). Notably, this
distribution goes beyond mere allocation, as perceived interdependence
shifts from task-sharing to consequence-sharing (Lyons et al., 2021;
Wynne & Lyons, 2018), implying a ‘bird’s-eye view’ of mutual support in
which roles may be interchangeable or assistance provided (Tomasello
et al., 2005). Thus, from a team intentionality perspective, accountability
highlights fluency in role and responsibility allocation under shared
accountability, where the adopted ethos grounds the expectations for
mutual support.

Interdependence is a hallmark characteristic of teams, ranging
from loosely coupled tasks to highly coordinated activities requiring
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continuous alignment. In hybrid teams, interdependencies in joint
activity are widely recognised as the feature that sets such units apart
from other groups or collectives (Bradshaw et al., 2004; Cannon-Bowers
et al., 1993; Wynne & Lyons, 2018). These interdependencies can be
understood as required dynamic couplings (Cuevas et al., 2007), through
which human and technology provide synergistic capabilities to achieve
outcomes no member could accomplish alone (Berretta et al., 2023).
While less explicitly developed in the intentionality literature, managing
interdependencies is implied in accounts of group and collective agency:
members act interdependently to transform inputs into outcomes
through cognitive, verbal, and behavioural activities directed toward
structuring tasks for shared goals (Gold & Sugden, 2007). In this view,
such management relies on a commitment to interlock a web of intent by
meshing plans for coordinated action (Bratman, 1992). Complementing
this individual mode of reasoning, the team perspective enables
members to manage interdependencies through commitment to the
collective ethos and operational standards (Tomasello et al., 2005;
Tuomela, 2007). Together, the two modes support managing individual
dependencies and team interdependencies, enabling coordinated action
and team agency (Gold & Sugden, 2007). Understanding the forms these
dependencies take at both levels shapes situational requirements and
opportunities for effective taskwork and teamwork (Johnson et al.,
2014). Thus, from a team intentionality perspective, furthering the
collective ethos entails not only managing required dependencies and
interdependencies but also creating opportunities for mutual support.
From this initial synthesis, several converging ideas emerge. Team
science provides structural characteristics—membership, boundaries,
purpose, accountability, and interdependence—while intentionality
research highlights commitments and different units of agency.
Positioned within a social ontology, members may need to shift and mix
perspectives to understand and share intent within the team
constellation and across its boundaries. Importantly, these structural
characteristics and perspectival capacities do not operate in a vacuum:
they depend on underlying representational structures through which
intentional states acquire their content and direction. To adopt a team
frame, manage interdependencies, or align toward a shared purpose,
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members must draw on representations of the task, the situation, each
other, and the team as a whole.

Representational Foundations

Team intentionality rests on underlying representational structures
through which members’ intentional states acquire aboutness and
directedness. These foundations are primarily epistemic, providing the
knowledge necessary for understanding the situation, each other, and
the task. They take plural forms—mental models alongside schemas and
scripts organising typified situations and courses of action—since no
single model captures such complexity. Team mental models involve
knowledge of the task, equipment, members, and interactions:
strategies, procedures, and contingencies; system functions and
limitations; members’ skills and abilities; and roles, responsibilities, and
interdependencies (Cannon-Bowers et al., 1993). The technology draws
on corresponding models of its own, supporting prediction and
interaction with humans, such as task processes and strategies,
teammate descriptors (skills, preferences, and dispositions), and rich
contextual knowledge (Bendell et al., 2024; Tabrez et al., 2020; Williams
et al., 2022). Hybrid teaming research further suggests, for example,
intentional, task, analytical, environmental, teamwork, and human state
models for shared awareness and intent (Lyons, 2013; Lyons & Havig,
2014). Team intentionality thus rests on plural, potentially
simultaneous, active representations across members.

These representations are distributed across the team, no single
member holding all of them, each pointing to a different set of elements.
Conceptualising each member’s representation as a set of elements, the
relationship between two members can broadly be described through
basic set operations. When the sets are disjoint, members share no
elements and operate independently. When they overlap, the relative
complement refers to the non-shared portion, the role-specific
representations distinct to each member. In contrast, the intersection,
refers to the shared portion, capturing the commonality needed to
coordinate overlapping responsibilities. The union combines both across
members, covering all responsibilities required of the team. Figure 5
illustrates these relationships in joint activity, from disjoint sets at the
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independent level, through the relative complement and intersection, to
their union at the team level. For example, two members holding {x, y}
and {z, w} are disjoint; if instead they hold {x, y} and {y, z}, the relative
complements are {x} and {z}, the intersection is {y}, and the union is {x,
y, z}. The relationship applies to representational constructs such as
mental models, situation awareness, and intentional states. Note, each
representation remains individually held, not a pooled cognitive state.

Independent Differentiated Shared Team

OO0 @ (L O

Relative complement Intersection Unio!

Figure 5. Analytical set relations between individually held representations in joint
human—technology activity.

These representational structures are not given; they are actively
developed and maintained. For example, drawing on Pigeau and
McCann (2000, 2006), understanding and sharing intent involves four
mechanisms: communication and socialisation, through which intent is
conveyed, and externalisation and internalisation, through which it is
converted between forms. Communication concerns the explicit
expression of intent through publicly shared media, such as utterances,
gestures, text, and symbols; socialisation, the implicit conveyance of
intent through tacit understandings developed through training,
interaction, and shared experience. Externalisation and internalisation
bridge these: externalisation surfaces implicit intent into explicit form,;
internalisation incorporates explicit intent into tacit understanding. In
hybrid teams, bidirectional communication and socialisation have
similarly been recognised as essential for establishing and maintaining
appropriate representations, for example through conveying intent and
through training (Andrews et al., 2023; Chen et al., 2018; Lyons et al.,
2021; Schelble et al., 2020). Together, these mechanisms support the
development and alignment of the representations that mentalistic
attribution depends on.
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Framed around team intentionality, these mechanisms operate
across levels of representation. Communication and socialisation align
members’ emergent intentional states and develop the shared Network
from which they arise, while externalisation and internalisation bridge
the explicit and implicit within these processes. Over repeated
interaction, a common Background of shared capacities, skills, practices,
and ethos takes shape, enabling those states to arise. Together, these
structures and mechanisms constitute the foundations from which team
intentionality emerges. Accessing and reasoning about each other’s
states in the flow of activity requires a further perspective: mindreading,
the meta-representational capacity through which members represent
and reason about the intentional states of others.

Mindreading

Mindreading—the capacity to attribute mental states to others—is a
naturally evolved human ability and a prerequisite for the collaborative
process itself (Tomasello et al., 2005). As such, it underpins team
intentionality: it supports the attitudinal predisposition toward
collective goals that enables cooperation (Han et al., 2011, 2015), and
enables the management of interdependencies that coordination
requires (Bratman, 1987; Klein et al., 2005; Pezzulo, 2011; Pigeau &
McCann, 2006).

The capacity also affords deliberative efficiency. Shared
representations reduce the need for recursive mindreading (Pezzulo,
2011), particularly under high-confidence intent recognition (Han et al.,
2015). Recognised intent further shifts the task to tracking and
projecting its status rather than reacting to situational data (Howard &
Cambria, 2013), as when chess players’ recognised patterns constrain
plausible continuations, focusing attention on likely moves and
deviations (Dennett, 1987). In this sense, individuals adopt an
intentional stance: a cognitively efficient strategy for interpreting,
explaining, and predicting behaviour. The strategy is indicated in cases
ranging from perceiving agency in animated geometrical shapes (Heider
& Simmel, 1944) to interacting with humanoid robots (Perez-Osorio &
Wykowska, 2020; Thellman et al., 2017, 2022). While idealised and not
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always accurate, the stance remains a pragmatic shortcut for making
sense of complex behaviour (Dennett, 1987).

To make such attributions, the observer draws on an internal
interpretive framework, often referred to as folk psychology, common-
sense psychology, or naive psychology (Dennett, 1987; Malle, 2004;
Thellman et al.,, 2022). These frameworks are instantiated through
cognitive structures, such as mental models, schemas, and scripts, that
organise the representational content used in mentalistic reasoning.
Drawing on frames as previously established (see Epistemic Aboutness),
making sense of another agent involves framing their situation: what
they perceive, what it means to them, and how they anticipate it will
develop. Frames thereby structure the representational content and
inferential processes through which others’ mental states and behaviours
are made meaningful. Importantly, the process is inherently meta-
representational: the observer constructs a mental representation of
another’s internal mental states, effectively a model of a model.

Several perspectives account for how such meta-representational
processes support the interpretation, explanation, and prediction of
behaviour. Attribution Theory concerns how individuals perceive the
causes of behaviour, ascribing it to internal or external factors (Heider,
1958; Kelley & Michela, 1980). Individuals are further predisposed to
distinguish intentional from unintentional acts (Malle, 1999; Malle &
Knobe, 1997). Intentional behaviour is judged through desires, beliefs,
decisions, skill, and awareness, and intent is inferred by whether the
actor ‘can’ perform the act and is deliberately ‘trying’ to do so (Jones &
Davis, 1965). Notably, such attributions need not rest on observation
alone: verbal accounts may function as sole or complementary sources,
simplifying complex inferences (Heider, 1958). Relatedly, Theory of
Mind denotes the system of mental states imputed to others in support
of prediction (Premack & Woodruff, 1978). Mentalising is the active
process through which it is applied, integrating observed cues, world
knowledge, and perspective-taking (Frith & Frith, 2006). In essence, the
process judges plausible states by comparing what oneself would
experience in the same situation. These capacities likewise extend
beyond observation: effective communication requires mutual Theory of
Mind (Frith & Frith, 2006), at times recursive, as in ‘I believe that you
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believe that I believe...” (Tabrez et al., 2020). Such model of a model is
illustrated in Figure 6.

I believe...

you believe...

Figure 6. Recursive mindreading between members.

While the human Theory of Mind of the technology is essential for
explaining and predicting its behaviour (Thellman et al.,, 2022),
incorporating an artificial Theory of Mind of the human is equally
important for fluent interaction (Bendell et al., 2024; Tabrez et al., 2020;
Williams et al., 2022). Further, drawing on collective intentionality,
higher-order standards may be necessary for understanding and sharing
intent from a bird’s-eye view (Tomasello et al., 2005), and the
recognition of norms and conventions similarly supports the
understandability and predictability of behaviour in hybrid teams
(Tsamados et al., 2025). Hybrid teaming thus establishes a bidirectional
need for mindreading capacity, extending across human and technology
alike.

In summary, adopting an intentional stance constitutes a
worthwhile strategy, enabling mental state attribution through Theory of
Mind and mentalising capacities (Harris-Watson & Larson, 2026; Matta,
2026; Thellman et al., 2022; Williams et al., 2022). Such capacities draw
on multiple meta-representations, wherein the team ethos and
perspectival shifts become central for individual and team agency.
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Tomasello and colleagues (2005) describe this as dialogic
representations encompassing first-, second-, and third-person
perspectives—personal states, team members’ states, and a holistic
bird’s-eye view of the social engagement. For team intentionality, this
bird’s-eye view extends beyond the dyad to the team as a whole,
reflecting the transition toward collective intentionality and the we-
mode (Tuomela, 2007). Mindreading in team contexts is therefore not a
singular capacity but a multi-perspectival and meta-representational
activity, one that must account for intentional states across individual
members and the team as a whole.
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Designing for Hybrid Teaming

This chapter concerns how the design of hybrid teaming may be
approached, from design as a general practice to the particular means it
offers for team intentionality. Designing for hybrid teaming is a wicked
problem, so it calls for both a grounded account of what design is and
how it proceeds, and the practical means through which team
intentionality can be modelled and made transparent. The one situates
the work; the other equips it. This chapter is organised in two sections.
Design as Research and Practice sets out the nature of design, its stages,
and its grounding as research. Modelling and Transparency turns to the
practical means for designing team intentionality, through modelling
and through transparency between members. Together, they aim to
connect the design process to the means by which team intentionality is
put into practice.

Design as Research and Practice

Designing for team intentionality requires more than theoretical insight.
It requires a practical and scientifically grounded capacity to shape
human-—technology constellations toward preferred situations. Design,
understood broadly, is the human capacity to envision and realise such
transitions, moving from present states to preferred ones through
deliberate choices and purposeful artefacts (Heskett, 2005; Simon,
1996). In complex socio-technical contexts, such as hybrid teaming, this
capacity must be both procedurally guided, providing a structured path
from problem to solution, and scientifically rigorous, ensuring that the
resulting artefacts are grounded in and contribute to existing knowledge.
Neither alone is sufficient: procedural guidance without scientific
grounding risks producing solutions that cannot be generalised or
validated, while scientific rigour without procedural clarity risks
producing knowledge that cannot be operationalised in practice. To
establish this dual foundation, this section examines design from three
perspectives. It begins with the nature of design as a purposeful activity,
before examining design process models that provide structured
guidance from abstract problems to concrete solutions. It then
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introduces Design Science Research as the paradigm that grounds design
activity in scientific rigour, bridging the application environment and the
knowledge base. Building on these, the section aligns the design process
with Design Science Research into an integrative model that provides
both procedural and scientific grounding.

The Nature of Design

Design can be understood in several ways: as a field, an activity, a plan,
or an outcome (Heskett, 2005). Common across these senses is a
purposeful and directed activity: ‘everyone designs who devises courses
of action aimed at changing existing situations into preferred ones’
(Simon, 1996, p. 111). Where the natural sciences concern how things are,
design concerns how things ought to be, devising artefacts to attain goals
(Simon, 1996). Alexander (1964) describes such state discrepancies
through the relational fitness between form, the structure of the artefact,
and context, the demands and constraints acting upon it. Incongruences,
or misfits, motivate error reduction until a satisficed (good enough) level
of fit is achieved (Alexander, 1964; Simon, 1996). Structuring such
transformational pathways, from abstract problems to concrete
solutions, is the concern of design process models.

Design Process Stages

Design process models seek to facilitate effective design outcomes by
outlining a structured and systematic process (Wynn & Clarkson, 2018).
While numerous models exist across domains, they show strong
consensus at an abstract level: a cross-disciplinary review of 124 process
models demonstrates agreement around core stages (Gericke & Blessing,
2012), consolidated into four core stages recognised across academia and
practice, with a fifth (implementation) treated as optional (Bobbe et al.,
2016). Table 4 presents a selection of such models and their stages.
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Table 4. Comparison of design process stages.

Source Design stages

(Howard et al., Establish need — Analysis — Conceptual — Embodiment

2008) — Detailed — Implementation Creative process: Analysis
— Generation — Evaluation —
Communication/Implementation (operating iteratively
within design stages)

Establish a need — Analysis of task — Conceptual design
— Embodiment design — Detailed design —
Implementation — Use — Closeout

(Gericke &
Blessing, 2012)

(Bobbe et al.,,

2016) Analyse — Define — Design — Finalize — Implement

Front-end/Product Planning — Requirement Definition
(Costa et al.,, — Conceptual Design — Embodiment Design — Detailed
2015) Design — Production Preparation — Commercialization
— Use — End-of-life

Across terminology and granularity, the models converge on
design progressing through apparent stages. A need is recognised and
analysed, a solution conceptualised and actualised, and the result
finalised as an artefact released into the world. Consensus is strongest in
the early stages, reflecting the importance of problem delineation. All
models also recognise the iterative nature of design, with cycles within
and between stages. Notably, the same logic recurs across levels of
abstraction. A micro-level creative process operates iteratively within the
macro-level design stages (Howard et al., 2008), and this creative loop
largely mirrors the core stages themselves (Bobbe et al., 2016). While
these process models structure the realisation of design artefacts,
designing for team intentionality also requires grounding in relevant
scientific knowledge. This concern is addressed by the design science
paradigm.
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Design Science Research

Drawing on Simon (1996), Hevner and colleagues (2004) ground Design
Science Research in the sciences of the artificial, framing it as a problem-
solving paradigm that creates artefacts to address wicked problems. Such
problems are characterised by shifting requirements and ambiguous
contextual constraints. Design Science Research is positioned between
the environment and the knowledge base: the environment provides the
needs that define the problem space, and the knowledge base provides
the applicable foundations to address them. Research activity centres on
iteratively building and evaluating artefacts (Hevner, 2007). A
purposeful artefact is expected to address a relevant problem, be
rigorously evaluated for utility and effectiveness, and make verifiable
contributions to the knowledge base (Hevner et al., 2004). Peffers and
colleagues (2007) operationalise this into a research methodology
spanning problem identification, objective definition, design and
development, demonstration, evaluation, and communication. Although
presented sequentially, the methodology is iterative and flexible in entry
point and ordering.

Central to Design Science Research is what counts as a research
artefact and how it should be judged. March and Smith (1995) identify
four types: concepts (or constructs), which provide the theoretical
vocabulary for describing a problem; models, which represent
relationships between constructs to structure problems and solutions;
methods, which prescribe processes and guidelines for solving problems;
and instantiations, working implementations that demonstrate the
former in a real context. Each type is evaluated on grounds proper to it:
constructs by conceptual clarity, models by purpose adequacy, methods
by their operationality and generality, and instantiations by their
effectiveness and contextual impact (March & Smith, 1995; Parker,
2020; Suddaby, 2010). How an artefact is evaluated further depends on
its maturity: formatively and in artificial settings when early,
summatively and in naturalistic ones when mature (Venable et al., 2016).
Notably, existing artefacts may provide entry points for further inquiry
(Baskerville et al., 2018), wherein the appropriate evaluation method
may range from logical argument and illustrative scenario to prototype,
case study, and experiment (Peffers et al., 2012). Because evaluation may
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occur at different points, designing for wicked problems such as hybrid
teaming need not wait for a complete solution: each artefact carries
scientific and practical value at the micro level, and contributions
accumulate across the full process at the macro level.

The Integrative Design Process

In practice, the application of Design Science Research often emphasises
theoretical output over procedural guidance, leaving the analytical and
creative processes of design implicit. The focus falls on what to achieve
rather than how to achieve it. Related paradigms such as Research
through Design share the integrative ambition (Zimmerman et al.,
2007). However, how each stage actively draws on both the environment
and the knowledge base often remains implicit. Team intentionality in
joint human—technology activity exemplifies the challenge. Designed
artefacts must support intentional states that emerge and evolve within
operational contexts; however, such problems exceed what any single
designer can grasp, requiring specialist perspectives that span scientific
and practical domains (Alexander, 1964). Researchers, domain experts,
and practitioners may each ascribe different meanings to the problem
and hold different orientations toward its solution. A conceptual design
process, anchored between the environment and the knowledge base,
provides a shared reference point through which these perspectives can
be integrated and traced. This is here operationalised as five stages:
Recognise and Finalise as entry and exit points, with Analyse,
Conceptualise, and Actualise forming the central iterative core. In and
between these stages, realisations function as mediating representations.
These internalised or externalised forms direct the transformational
flow. Figure 7 illustrates the integrative design process model, with each
stage and the role of realisations elaborated below.
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Figure 7. Illustration of the integrative design process.

Recognise (Misfit). The first stage concerns the felt difficulty or
misfit between form and context that brings itself to attention
(Alexander, 1964). It initiates the transition from a current state of affairs
to a preferred one (Simon, 1996). Recognition may be triggered by the
environment, where operational challenges or breakdowns make the
misfit salient, or from the knowledge base, where the absence or
inadequacy of existing artefacts confirms a genuine gap. In the process
models and guidelines, this stage corresponds to problem identification
and motivation (Peffers et al., 2007), establishing a need (Gericke &
Blessing, 2012; Howard et al., 2008), and ensuring relevance (Hevner et
al., 2004). The realisation at this stage is primarily internalised: mental
representations of the problem, articulated as experienced breakdowns
or documented gaps that direct the process forward. In hybrid teaming,
for example, core constructs, methods, and models may be lacking or
require adaptation, thereby motivating further analysis.

Analyse (Problem structure). The second stage traces misfits
and links them to their functional requirements (Alexander, 1964),
structurally representing the problem space (Simon, 1996). For team
intentionality, this means mapping the intentional states involved to
understand the problem in context, such as the causes and reasons for
the emergence of misfits. Activities draw on both the environment and
existing scientific knowledge (Hevner et al., 2004), and criteria are
operationalised to clarify what constitutes a good-enough solution
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(Peffers et al., 2007; Simon, 1996). Across the process models, the stage
aligns with analysis and definition (Bobbe et al., 2016; Costa et al., 2015;
Gericke & Blessing, 2012; Howard et al., 2008; Peffers et al., 2007). The
realisation is an externalised form: a structured problem representation
that transforms the initial felt difficulty into a formal account of the
problem space, bounding and enabling the search for viable solutions.

Conceptualise (Generate form). The third stage synthesises
solutions to reduce misfits (Alexander, 1964), guided by a systematic
search of the problem space for satisficing candidates, artefacts judged
good enough for the desired situation (Simon, 1996). For team
intentionality, this means generating candidate forms that could support
epistemic and conative alignment, for example by conceptualising
artefacts that support the understanding and sharing of intent. Across
the process models, the stage corresponds to conceptual design, where
abstract principles are identified and progressively specified (Bobbe et
al., 2016; Costa et al., 2015; Gericke & Blessing, 2012; Howard et al.,
2008; Peffers et al., 2007). The realisation is externalised candidate
forms: proposed solutions drawn from scientific knowledge and practical
experience, specified sufficiently to be demonstrated and evaluated.

Actualise (Demonstrate form). The fourth stage develops
candidate solutions into concrete forms, sufficiently actualised to
generate meaningful experiences of the fit between form and context
(Alexander, 1964). Through this, opportunities arise to learn about both
the problem and the solution, specifically the relationship between the
proposed artefact and its intended task environment (Simon, 1996). For
team intentionality, this means demonstrating whether the artefact
supports the intentional states it was designed for, such that alignment
among members satisfies the operationalised criteria. Across the process
models, the stage concerns the transition from candidate solutions to
demonstrated forms (Bobbe et al., 2016; Costa et al., 2015; Gericke &
Blessing, 2012; Howard et al., 2008; Peffers et al., 2007). The realisation
is a demonstrated form, concrete enough to be engaged with and
assessed against fit criteria, whether through a worked example,
simulation, or operational demonstration.

Finalise (Transfer form). The fifth stage concludes the process
when fit criteria have been sufficiently actualised (Alexander, 1964), or
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the artefact at least satisfies the desired situation (Simon, 1996). For
team intentionality, this marks the point at which the artefact is released
to support hybrid teams. Across the process models, the stage delineates
the design from its implementation and communication to relevant
communities (Bobbe et al., 2016; Hevner et al., 2004; Peffers et al.,
2007). While no design is truly finished, the stage marks a commitment
to function independently of the design process. The realisation is the
transferred form, such as constructs, models, methods, and
instantiations released to their contexts, exhibiting both scientific
grounding and practical utility.

Across the stages, realisations carry the design process forward.
Realisation here carries a dual meaning. As an internalised form, a
realisation is the designer’s understanding of the problem and its
resolution, transformed through successive representations until the fit
criteria are met or revised (Burnette, 2002). As an externalised form, a
realisation is the tangible output through which that understanding is
concretised and shared, such as a documented misfit, a requirement list,
a concept model, a prototype, or an evaluation report (Burnette, 2002).
Externalised realisations thereby function as shared objects, providing a
common reference point through which designers, stakeholders, and
practitioners coordinate on the same problem. Together, these forms
drive the process forwards and backwards, translating understanding
between stages and transforming the abstract into the concrete within
them (Alexander, 1964; Dorst & Cross, 2001; Simon, 1996).

As the engine of the process, realisations may also trigger new
design cycles. The same logical structure recurs at different levels of
abstraction, from the micro creative loop (Howard et al., 2008) to the
macro stages (Bobbe et al., 2016). A realisation may thus initiate a new
cycle at any level: the absence of adequate constructs for team
intentionality, or insufficient models for representing intent in hybrid
teaming, may function as a Recognise stage triggering a new process.
Recognise and Finalise thereby serve as entry and exit points not only
within the current process but across levels of design activity. Which
point is engaged depends on the maturity of the problem and the state of
scientific knowledge.
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Together, the five stages provide a procedural structure anchored
between the knowledge base and the environment. By integrating the
iterative logic of design process models with the rigour and contribution
requirements of Design Science Research, the model supports the
development of artefacts that are both practically grounded and
scientifically credible. Through realisations as shared referents, it further
provides a common reference point through which researchers, domain
experts, and practitioners can coordinate their distinct orientations
toward the same design problem. For team intentionality, the resulting
artefacts are not merely theoretical constructs but designed forms,
grounded in the operational realities of hybrid teaming and carrying both
practical utility and scientific grounding.

Sharing Intentionality

Designing for team intentionality requires more than an account of what
itis. That account must be modelled, so the implicit is made explicit, and
made transparent, so members become interpretable to one another.
This section sets out these two means. Modelling Intentionality concerns
making the domain and its intentional states explicit through models,
building a shared understanding across those who design. Transparency
and Explainability concern making members interpretable to one
another, so that awareness and intent may be shared between them.

Modelling Intentionality

Designing for team intentionality first requires understanding the
domain and the intentional states within it. This understanding is gained
through knowledge acquisition, which can be understood as designing a
representation of a phenomenon at the scope and depth its purpose
requires, that mediates between the world and theory (Leu & Abbass,
2016; Morgan & Morrison, 1999). A model, in this sense, is always
limited by what it represents, and capturing what matters serves better
than striving for completeness (Box, 1976). To capture what matters is
itself a modelling process, often described in three stages: knowledge
elicitation, analysis, and representation (Leu & Abbass, 2016). Each
stage is a source of insight, making an implicit representation explicit

47



rather than merely producing an output (Epstein, 2008). Across them, a
model is iteratively built and manipulated, and each affords a different
means of learning from it (Morgan & Morrison, 1999), similar to the
realisations within the design process (see The Integrative Design
Process).

No single stakeholder holds the whole picture, so a means is
needed to make the implicit explicit and build a shared understanding
across them (Oppl, 2017). A shared understanding may be reached
through one integrated model for a unified perspective (Renger et al.,
2008), or, where that is not feasible, several models that reduce
complexity while maintaining comparability (Hochstein, 2017; Yoshida,
2021). As such, conceptual models, alongside, for example, conceptual
definitions, operationalisations, and methods, may function as boundary
objects: shared reference points that support shared understanding
across participants and coordination in projects (Carlile, 2002; Star,
2010). In this manner, such objects may support the transformations
between design stages, guarding against what might be lost in
translation, so that the misfit recognised at the beginning is the one
addressed in the end (see The Integrative Design Process).

For hybrid teaming, building such a shared reference means
making the implicit assumptions members hold explicit. For example,
team science, psychology, and artificial intelligence converge on broadly
similar aspects (see Representational Foundations, Mindreading): the
task (strategies, procedures, contingencies), the members (skills,
preferences, dispositions), the environment (system functions,
contextual knowledge), and their intentional states (belief, desire,
intent). Capturing what matters therefore calls for diverse approaches: a
plurality of models resting on a plurality of methods. Given the nature of
hybrid teaming, potential candidates are drawn from Human Factors
methods (Stanton et al., 2017; Wickens et al., 2014), where Cognitive
Task Analysis and Cognitive Work Analysis approaches have been
suggested (Heinze, 2004; Norling, 2012; Schneider et al., 2023). The two
approaches differ in focus: Cognitive Task Analysis attends to the
cognitive work of humans, the reasoning, knowledge, and strategies
behind performance (Crandall et al., 2006), whereas Cognitive Work
Analysis attends to the constraints that shape such performance
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(Vicente, 1999). While different, the two are also understood as
complementary (Hoffman & Lintern, 2006), particularly in hybrid
teaming, where together they can address a broader range of work
demands than either alone (Roth et al., 2019). Coactive design is a
further candidate, attending to the interdependencies between members
in joint human—technology activity, which afford both requirements and
opportunities (Johnson et al., 2011, 2014).

Taken together, these accounts show that modelling team
intentionality is not the pursuit of a single, complete model but a plural
and shared activity. It draws on complementary methods to represent
different aspects, held explicit across those who design them, so that the
misfit recognised at the outset remains traceable to the artefact released.

Transparency and Explainability

Transparency and explainability are central to joint human—technology
activity, providing mechanisms that foster shared awareness and shared
intent between members in hybrid teams (Alonso & De La Puente, 2018;
Bhaskara et al., 2020; Rajabiyazdi & Jamieson, 2020; van de Merwe et
al., 2024). Transparency and explainability are often used
interchangeably, but research has distinguished them (Verhagen et al.,
2021): transparency discloses relevant elements to make a member
interpretable, and explainability clarifies those disclosures to make the
member understandable.

Despite the central role of transparency, the field currently lacks a
unified theoretical foundation (Bhaskara et al., 2020). However, existing
frameworks draw on, for example, situation awareness (Chen et al.,
2014, 2018; Kridalukmana et al.,, 2020; Sanneman & Shah, 2022),
mental models (Cabour et al., 2023; Eiband et al., 2018; Merry et al.,
2021), Theory of Mind (Anjomshoae et al., 2019; de Visser et al., 2020;
Verhagen et al., 2021), trust (Chen et al., 2014, 2018; de Visser et al.,
2020), and intent (Chen et al., 2014, 2018; Johnson et al., 2011; Lyons,
2013; Lyons & Havig, 2014). Of these, frameworks often combine more
than one theoretical foundation to identify and organise information
requirements for transparency. For example, the situation awareness-
based agent transparency model (Chen et al., 2014), later revised to a
dynamic and bidirectional model (Chen et al., 2018), combines Endsley’s
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(1995) levels of situation awareness, Bratman’s (1987) theory of practical
reasoning, and Lee and See’s (2004) theory of human trust in
automation. Similarly, de Visser and colleagues (2020) combine mental
models and theory of mind, framing transparency and explainability as
means through which members share information about themselves, in
proactive preparation and reactive repair.

Where these models generally concern disclosure, Verhagen and
colleagues (2021) locate explainability in the relations between the
elements disclosed. Such elements may concern, for example,
perceptions, decisions, and actions, and a relation may hold between any
of them. In this manner, disclosing elements may make
incomprehensible activity interpretable, and clarifying them through
their relations to other elements may make it understandable. A similar
structure has been proposed for control systems, where the design of
transparency requires an operator to see not only the information at each
level of cognitive control, but also the relations between those levels
(Lundberg & Johansson, 2021; see Representation). Research has
further proposed a number of questions that explanations should answer
to support interpretability and understandability (Lim et al., 2009; Lim
& Dey, 2009; Miller, 2019; Mohseni et al., 2021). These broadly concern
how, why, why not, what if, how to, and what else (Mohseni et al., 2021).

Taken together, transparency and explainability may be best
understood not as separate mechanisms but as two complementary
focuses: one on the elements disclosed, the other on the relations
between them. Each disclosure invites clarification, and each
clarification rests on the disclosure. Their foundations (situation
awareness, mental models, theory of mind, and intent) overlap
substantially with those of team intentionality as presented here. The
questions above are then the ones members ask about one another's
epistemic aboutness and conative directedness. Described together,
transparency and explainability are the means of answering them for
alignment.
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The Operational Domain

This chapter establishes the operational domain the thesis is situated in:
Manned—-Unmanned Teaming in military aviation. It first situates the
domain within command and control, then characterises Manned-—
Unmanned Teaming as a specific instance of hybrid teaming, and the
challenges its actualisation must address.

Command and Control

Military force serves ends that a society sets and its government
authorises through law and order (Pigeau & McCann, 2000). A nation
pursues those ends through command and control, defined in doctrine
as the exercise of authority and direction by a designated commander
(Alberts & Hayes, 2006). It rests on two concepts (Pigeau & McCann,
2000): command, where a person wills and takes responsibility for what
a mission is to achieve, and control, the structures and processes that
keep a mission within feasible bounds. Command becomes essential
once a force is divided into interdependent, specialised parts, and once
it acts in ill-defined situations with uncertain outcomes (van Creveld,
1985). Authority thereby passes down a chain, from the government to
the individual who acts, delegated at each level as a decision right that
settles who may decide what (Pigeau & McCann, 2000). Such a right is
defined by its function rather than the entity that holds it (Alberts &
Hayes, 2006). At the end of this chain, authority is delegated to an
operative unit, a team whose members are authorised to act within the
bounds set for it. In this manner, command and control positions a team
within the wider system and establishes the solution space of its
members (see Defining Team Structures, Structural Foundation).

As a commander cannot foresee every situation those in the chain
will meet, direction is given as intent: the Commander’s Intent states
what a mission is to achieve and why, letting subordinates decide how to
act (Pigeau & McCann, 2006). Given as intent, it establishes common
intent across the chain, and through its implicit part is meant to enable
coordination with less reliance on explicit communication (see
Mindreading). More importantly, it allows entities to act in congruency

51



across the command chain, even under unanticipated situations without
waiting for direction (Klein, 1999; Pigeau & McCann, 2006). For the
operational domain, enabling such adaptability is the central demand,
and it is sharpened across social systems in joint human—technology
activity. Manned—-Unmanned Teaming, for example, operates under
varying degrees of time pressure, task difficulty, and risk exposure that,
at times, require operating within the solution space without explicit
communication in the command chain.

Manned-Unmanned Teaming

Broadly, Manned—Unmanned Teaming refers to the integration of
crewed and uncrewed platforms across ground, sea, and air domains
toward shared mission objectives (Kim & Choi, 2024; Taylor & Turpin,
2015). The pairing of these entities is envisioned to lower cost and reduce
risk to humans, while improving situational awareness, reach, and
mission effectiveness (Athanasiadou et al., 2026; Department of
Defense, 2013; Kim & Choi, 2024), in operations such as intelligence,
surveillance, and reconnaissance (Banas et al., 2020; Taylor & Turpin,
2015).

Across almost three decades (Taylor & Turpin, 2015), Manned—
Unmanned Teaming has evolved from basic control to high-level
command of unmanned assets (Jameson et al., 2005), toward an active
and collaborating partner (Athanasiadou et al., 2026). As such, it has
largely followed the trajectory of hybrid teaming, with its structural
properties (see The Evolution of Hybrid Teaming, Structural
Foundation). For example, in aviation, the uncrewed element is often
described as a wingman, assuming roles and responsibilities to support
the commanding pilot in interdependent activities (Department of
Defense, 2018; Jordan, 2021). The pilot, in turn, authorises the
wingman’s decision rights within a bounded solution space through the
command chain (Heilemann et al., 2021; Jameson et al., 2005). In this
manner, the command chain remains: the pilot holds certain tasks and
decision rights, such as mission oversight, planning, and supervision
(Jordan, 2021), while the wingman autonomously executes the tasks
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delegated to it, such as detecting, identifying, tracking, and assessing
targets (Department of Defense, 2018).

Whilst the envisioned form of Manned—Unmanned Teaming
persists, its actualisation remains a challenge. For example, the
commanding pilot’s tasks extend to include supervision, adding
workload (Andrews et al., 2020; Heilemann et al., 2021). Further, the
wingman’s high autonomy may degrade the pilot’s awareness of it and
leave its state and intent less interpretable and understandable, raise the
workload of interacting with it, and miscalibrate trust (Chen & Barnes,
2014; Roth et al., 2020). This is sharpened when operating beyond line
of sight, where the team is distributed and depends on a data link for
command, control, and communication (Banas et al., 2020; Hobbs &
Lyall, 2016; Kaliardos et al., 2024). As the data link can never be
guaranteed, there are times when the pilot and wingman need to operate
independently (Meyer & Schulte, 2020), making demands on their own
authority and solution space (see Command and Control). When the link
is lost, the pilot and the wingman can no longer convey intent explicitly
and must infer it instead, making the alignment of intentionality the
team depends on harder to sustain (see Command and Control,
Mindreading).

Several responses have been suggested to address these challenges.
To manage workload, the level of control can shift from low to high,
adaptively changing roles and responsibilities from the pilot to the
wingman (Chen & Barnes, 2014; Heilemann et al., 2021). For example,
at a lower level, the pilot may communicate ‘plays’ to the wingman,
template command structures that package tasking (Calhoun et al.,
2018). Monitoring the pilot’s cognitive state has been proposed to
support the communication of such structures (Theissing & Schulte,
2013), and to drive adaptive interfaces for commanding the wingman
(Lim et al., 2021; Lim, Ramasamy, et al., 2018). Further, since the pilot
and the wingman must each interpret the other to act together,
bidirectional, or teamwork, transparency has been proposed as a means
for them to share awareness and intent (Chen et al., 2018; Lyons, 2013;
Lyons & Havig, 2014). A shared semantic space has further been
suggested for efficient communication, spanning, for example, goals,
plans, constraints, and the situation behind them (Gustavsson et al.,
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2011; Schneider & Miller, 2018). Recognising the intent of the pilot, the
wingman, and other aircraft has further been proposed to support
coordination by focusing attention, managing distributed planning,
distributing information proactively, detecting conflicts, and aiding error
correction (Geddes, 1994, 1997; Geddes & Lizza, 2001).

Whether conveying or inferring intent, teaming rests on members
understanding and sharing it; however, in Manned—Unmanned
Teaming the means for the pilot and the wingman to do so are not yet in
place. The challenges are well recognised, and responses have been
proposed, but they remain proposals, not yet realised as ways to design
for team intentionality. What is envisioned and what can be built thus
emerge as a misfit, one that motivates a framework for realising team
intentionality by design.
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Methodology

This chapter addresses how the framework was developed and how the
studies that inform it were conducted. Developing a framework requires
synthesising its parts from theory and evidence, and grounding that
synthesis in empirical study. These are distinct activities at distinct
levels. The chapter is organised in two sections. Framework
Development sets out how the framework was built from the background
and the papers. Studies describes how the four papers were conducted.
Together, the two sections show both the framework and the empirical
work from which it draws.

Framework Development

Frameworks are important tools across nearly all scientific inquiries,
often serving as bridges between abstract paradigms and their
knowledge foundations (McMeekin et al., 2020; Partelow, 2023). For
example, Partelow (2023) describes frameworks as ‘bridging tools’ that
enable the synthesis and communication of ideas, thereby driving the
paradigm forward. Such synthesis is typically grounded in the
identification and integration of, for example, specific theories, models,
and empirical observations, which together form a set of core concepts
and general relationships within the framework. Likewise, a
methodological framework is foremost founded in existing methods and
guidelines alongside experiences and literature reviews (McMeekin et
al., 2020). These foundations are adapted, integrated, and built upon to
structure processes and procedures.

As a composite of these foundations, a framework is itself a design
artefact. Peffers and colleagues (Peffers et al., 2012) classify it as a meta-
model, an artefact that assembles constructs, a model of their relations,
and a method into a single organising whole. So understood, the
framework is answerable to the same grounds as the artefacts it
assembles, under one shared question: does it work? Its constructs
should be clear, its models adequate to their purpose, its methods
operational and general in use, and any instantiation effective in context
(see Design Science Research). Beyond these grounds, a framework is
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positioned in a specific field, offering a perspective on what exists in the
world (Partelow, 2023). The framework developed here seeks to
integrate theoretical, methodological, and empirical accounts in the
context of hybrid teaming, with future Manned—Unmanned Teaming
operations as its studied domain.

The framework itself was developed at a different level from the
studies that inform it. Its parts were built by synthesis: theoretical and
empirical accounts into the concepts and relations that frame team
intentionality, and methodological accounts into methods for putting
them to use. The included papers are both the input to this synthesis and
where the framework is demonstrated through logical argument,
illustrative scenario, and case study (Peffers et al., 2012). Its grounding
is therefore formative and in constructed settings, not yet tested in the
field. How the studies were conducted is described in the next section,
separately from the framework's development.

Studies

This section describes how the four papers were conducted. They share
a common method, presented in two subsections. Research Setting
describes the shared context, through a scenario and its simulation.
Knowledge Acquisition describes how knowledge was elicited, analysed,
and represented. Together, they set out the common method on which
the studies draw.

Research Setting

This subsection describes the context the four papers share. All are
grounded in one scenario and its simulation. It is presented in two parts.
Scenario sets out the mission context common to all four papers.
Simulation describes how that context was played out for participants.
Together, they establish the common setting the studies share.

Scenario

Scenarios have evolved from frameworks for speculation and ‘imagining
the unimaginable’ (Kahn & Wiener, 1967) into rigorous tools for thinking
critically and creatively about probable, possible, and preferable futures
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(Bishop et al., 2007; Borjeson et al., 2006; Ramirez et al., 2015). They
bridge scientific and practical rationality, challenging assumptions,
opening new lines of inquiry, and supporting navigation from present
conditions toward potential futures while preparing for surprises. At
their core, scenarios are hypothetical sequences of events that focus
attention on causal processes and decision points (Kahn & Wiener,
1967). In design, they are often presented as stories that provide a
research context (Carroll, 1999; Ramirez et al., 2015), in which vignettes
serve as scenes within a staged sequence through, for example, papers,
animations, or videos (Jenkins et al., 2010). Such a context includes a
setting and agents pursuing goals, providing a common medium and
language for participation and communication.

In this thesis, all papers are grounded in a shared scenario context
depicting a future Manned—Unmanned Teaming operation. The scenario
was developed with domain experts and outlines a general situation and
Commander’s Intent for a reconnaissance mission with the potential to
encounter unknown entities. Conducted in an uncertain tactical
situation, such reconnaissance is noted to be operationally relevant and
sufficiently complex mission type (Theissing & Schulte, 2013). Within
this scenario, transfer of control and link loss were selected as the target
situations for investigation. Both are operationally critical and
demanding.

Transfer of control is a fundamental challenge across high-stakes
domains, described under labels such as handover/takeover and
handoff/handback (Desmedt et al., 2021; Grindley et al., 2025; Hobbs &
Lyall, 2016). Broadly, it refers to a process in which authorities,
responsibilities, and relevant information transfer between members,
whether human or technology, to maintain continuity of task or system
performance. Although often described as unidirectional, it necessarily
involves multidirectional flows, as aspects of control may be shared and
distributed across the larger system. In Manned—Unmanned Teaming, it
is especially demanding, as the control stations are geographically
separated. Identified human factors include operator communication,
awareness of the unmanned aircraft, and workload operations, and
technical factors such as control-station configuration and data link
performance affect the synchrony and stability of the transfer (Hobbs &
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Lyall, 2016; Kaliardos et al., 2024; Pankok & Bass, 2018). Papers I and
IT examined transfer of control as a target situation.

Data link management and performance (availability, continuity,
integrity, and latency), more generally, are critical for maintaining
operational safety and permanence in Manned—Unmanned Teaming
missions (Kaliardos et al., 2024; Lim, Gardi, et al., 2018). Whilst data
link availability and sustainability are critical, they can never be
guaranteed due to tactical considerations and technical limitations
(Meyer & Schulte, 2020; Okcu, 2016). Consequently, a fundamental
reliance on unmanned autonomy and standardised operational
procedures emerges to ensure predictable aircraft behaviour during
unplanned communication disruption episodes (Kaliardos et al., 2024;
Stansbury et al., 2009). These disruptions represent a period of
heightened operational demand that may break the team configuration,
and potentially teaming itself. Papers III and IV examined unplanned
link loss, and Paper III also examined a gradually degrading link.

Simulation

Simulation is understood here through its etymology, ‘to imitate’ or ‘to
behave as if’ (Rybing, 2018; Vincenzi et al., 2024). In this broad sense,
anything can simulate anything else, an activity, process, or system,
provided the simulator behaves similarly enough to the target to be
studied in its place. Thus, when simulating, the scenario is central: it
supplies the structure of events that play out, and where humans
participate, lets them engage with it as if it were real (Huffman et al.,
2016). Such forms range from low-fidelity vignettes, presented on paper,
video, or computer (Jenkins et al., 2010), to human-in-the-loop and live
simulation (Hodson & Baldwin, 2009). Choosing among them involves
trade-offs, such as cost-effectiveness, fidelity, participant availability,
and safety (Frank et al., 2000; Hodson & Baldwin, 2009). Notably,
higher realism is not always better. For studying intentionality, what
matters is cognitive fidelity, the match between the reasoning a
simulation engages and that of the real task (Rybing, 2018). A low-
fidelity form can therefore focus on the task and leave out realistic detail
that adds cognitive load without engaging the reasoning of interest
(Feinstein & Cannon, 2002). Across Papers I-IV, simulations supported
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both elicitation and evaluation, matched to the stage of the work. Pen-
and-paper representations built shared understanding of situations in
Papers I and II. Animated presentations provided situational cues and
temporal reference points as the scenario unfolded in Paper III. A
higher-fidelity, pilot-in-the-loop environment then supported
evaluation in Paper IV (Figure 8).

Figure 8. Simulation forms used across the studies, from pen-and-paper (top left)
through animated (bottom left) to pilot-in-the-loop (right).

Knowledge Acquisition

This subsection provides an overview of the knowledge acquisition
process, the considerations that shaped it, and how these map to each
paper. As noted, the acquisition process often applies in three stages,
elicitation, analysis, and representation, each drawing on its own
methods to transform its input and pass it to the next (see The
Integrative Design Process). Table 5 maps the methods used across
Papers I-IV onto these three stages, each elaborated in the following
subsections. Note. Not every paper spans all three: Paper IV applies
earlier models rather than building its own.
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Table 5. Knowledge acquisition methods used in each paper, across the three stages of
elicitation, analysis, and representation.

Paper Elicitation Analysis Representation

literature review; . ) adapted Work Domain
I . . deductive thematic )

interview Analysis

literature review; . ) adapted Work Domain
II . . deductive thematic P .

interview Analysis

. . . . adapted Joint Control
III interview deductive thematic P

Framework

v observation; structured protocol;

questionnaire descriptive statistics

Elicitation

The elicitation phase concerns gathering information from relevant
sources. Across Papers I-1V, this drew on literature reviews, interviews,
questionnaires, and observations, each described below.

Literature reviews

Literature reviews serve as a fundamental methodology for synthesising
fragmented and interdisciplinary knowledge, providing a collective
assessment of evidence (Partelow, 2023; Snyder, 2019). Integrative
reviews are particularly effective for developing models and frameworks
in emerging fields (Snyder, 2019; Whittemore & Knafl, 2005). The
approach is noted to be unique in its inclusivity of knowledge sources
and bases to create preliminary conceptualisations of new topics and
complex phenomena. The knowledge base may span a variety of sources
and types, ranging from empirical journal articles to theoretical
conference papers and technical reports. Paper I and Paper II used
integrative literature reviews to establish the foundations of intent
models and modelling. Reflecting an integrative approach, levels of
cognitive control from the Joint Control Framework (Lundberg &
Johansson, 2021; see Representation) was used to identify and integrate
core aspects and elements of intent across disciplines and existing
models. Both Papers used these models in subsequent development and
application.
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Interviews

Interviews elicit subjective accounts of interviewees’ situated
perceptions and meaning-making, often yielding insights difficult to
obtain otherwise (Alshengeeti, 2014; DiCicco-Bloom & Crabtree, 2006;
Holstein & Gubrium, 1995). They are time-consuming, limited in scale,
and susceptible to interviewer influence and bias. Their interactive
nature, however, allows the co-construction of understanding through in
situ clarification and correction. Papers I-III used semi-structured
interviews with subject matter experts. Drawing on Human Factors
methods, two protocols were developed for different elicitation
strategies. Following Norling (2012), the first used established probes
from Applied Cognitive Task Analysis (Militello & Hutton, 1998) and the
Critical Decision Method (O’Hare et al., 1998), supporting general task
understanding and detailed accounts of decision-making. Reflecting an
approach advocated by Elliott and colleagues (2000), the second
protocol aligned elicitation more closely with the aspects of interest. It
drew on the levels of cognitive control (Lundberg & Johansson, 2021; see
Representation) and strategy analysis (Hassall & Sanderson, 2014), with
probes developed to elicit specific model aspects under time pressure,
task difficulty, and risk exposure.

Questionnaires

Self-reports such as questionnaires offer standardised, resource-
effective instruments for collecting subjective data (Krosnick, 1999;
Ranganathan & Caduff, 2023). Responses are open-ended written
accounts or closed-ended categorical or scale-based data. Unlike
interviews, questionnaires minimise researcher-participant interaction,
making the instrument itself the medium of inquiry. This is both an
advantage and a limitation: administration and analysis are more
practical, but opportunities for clarification and correction are lost, and
the subjectivity of self-report may warrant complementary interviews or
observation (Baumeister et al., 2007; Krosnick, 1999). In Paper IV, a
questionnaire captured participants’ demographics and their
judgements of awareness and performance. Rather than adopt an
existing instrument, a new measure was developed for the
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operationalised components of awareness and performance, on the
grounds that awareness is multi-dimensional, so its components are
more informative when assessed separately than as a global state (Moens
et al., 2026). Here the components are the six levels of cognitive control
(Lundberg & Johansson, 2021; see Representation).

Observations

Observation offers insights that self-report cannot: interaction and non-
verbal cues in a naturalistic setting (Crandall et al., 2006; Kawulich,
2005). What people say, do, and say they do differ (Balcom et al., 2021).
Argyris and Schon (1974) frame this as espoused theory, what people
describe or justify, against theory-in-use, what governs conduct. The
theory-in-use can only be reached from behaviour by an inferential leap,
so when report and conduct agree, the espoused theory can be taken as
a guide to it; when they diverge, two theories are at work. Observation is
not purely objective either. The researcher’s stance shapes the data, from
complete participant to complete observer, and methods run from open-
ended description to systematic coding of specific activities (Balcom et
al., 2021; Kawulich, 2005). Stance and method therefore imply a degree
of model co-construction (Braun & Clarke, 2006; Ford et al., 1993;
Kawulich, 2005). Combining self-report and observation through
triangulation mitigates these distortions (Balcom et al., 2021; Kawulich,
2005). Besides questionnaires, Paper IV gathered observational data
from video recordings to measure awareness and performance
indicators.

Analysis

Analysis structures elicited material into patterns, qualitatively or
quantitatively depending on the data. Qualitative accounts were
examined through thematic analysis, guided deductively by frameworks
and concepts while open to inductive refinement (Azungah, 2018; Braun
& Clarke, 2006). Quantitative data were summarised with descriptive
statistics. Papers I-111 used deductive thematic analysis, guided by levels
of cognitive control (Lundberg & Johansson, 2021; see Representation)
in Paper I to build a preliminary model, refined in Papers II and III. In
Paper IV, observational data were organised by a structured protocol into
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a record of what happened and when, and self-report data were
summarised through descriptive statistics.

Representation

Representation makes the findings from the analysis explicit and
communicable, expressing them in a form that can be shared and reused.
Human Factors methods provide means for this, focusing on the human,
the technology, and the relations between them, to improve the design of
how they work together (Stanton et al., 2017; Wickens et al., 2014). In
this, the Cognitive Task Analysis and Cognitive Work Analysis traditions
have been suggested (see Modelling Intentionality), the former
concerning how people think and make decisions (Crandall et al., 2006),
the latter the work domain constraints that shape how work can be done
(Naikar, 2013; Vicente, 1999). This distinction carries into the models
each yields (Vicente, 1999): descriptive (or normative) models of how
work is (or should be) done, formative models of what the constraints
make possible to do.

Methods from both traditions have been used to represent
intentional states. From the Cognitive Task Analysis tradition,
intentional states have been represented as causal cognitive maps of
individually held or shared beliefs (Langfield-Smith, 1992), as task
diagrams of goals and plans in which perceptual cues trigger courses of
action (Norling, 2012), and as hierarchical graphs of goals, subgoals,
decisions, and the information those decisions require (Schneider et al.,
2023). From the Cognitive Work Analysis tradition, Work Domain
Analysis has been used to represent intentional domains as abstraction
hierarchies of the constraints that shape action in a specific situation
(Hajdukiewicz et al., 1999), to model an operator’s decision-making (Lui
& Watson, 2002), and to make design intent explicit and traceable to
support human problem-solving (Leveson, 2000). These forms draw on
a common stock of concepts, beliefs, goals, plans, perceptual cues,
decisions, and the constraints that shape action. The Joint Control
Framework (Lundberg & Johansson, 2021) is one means of representing
intentionality within this space, chosen here because it brings several of
these concepts together within a single unified structure.
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The Joint Control Framework grounds and harmonises models
and constructs in Human Factors: the abstraction hierarchy and decision
ladder (Rasmussen, 1986), the extended control model (Hollnagel &
Woods, 2005), and situation awareness (Endsley, 1995). The framework
describes joint control processes, the exchanges of control between
human operators and automated or autonomous systems, across six
levels of cognitive control and over time. The levels range from the
abstract to the concrete: the frames that recognise a situation, the effects
and goals pursued, the values and criteria weighed, the generic plans and
patterns available, the implementations that assign resources, and the
physical objects and actions. Its representation, the Score, places
perception (P), decision (D), and action (A) points as control activities
across these levels and over time, capturing an unfolding episode rather
than a single moment (Figure 9).

Levels of Score episode
Cognitive Control P
|

Ascribed situation
Frames
1|
Set goal
Effects

Check plan criteria

Values

Generic

. Decide plan?

tmplementatins ®o—
Perceived object state I

Physical ®/ | e

&= Time P >

® Perception @ Decision @ Action

Figure 9. Illustration of a score episode diagram.

| Enact a course of action

Object configuration
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Building on the Joint Control Framework, the levels of cognitive
control were used across the papers to represent intent. In Papers I-II,
they structured an adapted Work Domain Analysis (Naikar, 2013;
Vicente, 1999), modelling situated intent as the choices a situation makes
possible and those taken; that is, formative and descriptive content
within one model. In Paper IV, the levels helped organise transparency
information, instantiated in an HMI and subsequently evaluated against
intent awareness. Paper III instead reconceptualised the Joint Control
Framework in terms of intentional processes: where Papers I-II held
choice and decision as possible and actual intent within one model,
Paper III added choices as a distinct activity alongside perceptions,
decisions, and actions, mapped across the levels of cognitive control and
time in score episode diagrams.
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Summary of Papers

This chapter presents the four included papers, which address how
intent can be understood, modelled, and designed for in hybrid teaming.
It begins with an outline that positions their contributions across the
design process and describes how those contributions are characterised.
It then presents each paper in a consistent structure: the problem and
aim it addresses, the approach it draws on, its findings, and its
contributions.

Outline

The papers included in this thesis can broadly be positioned across the
integrated design process (see The Integrative Design Process), from
recognised misfits through the iterative core to finalisation. From this
perspective, the papers do not map onto single stages but span partly
different and overlapping ones, with their emphasis shifting across the
process. Realisations produced at one stage serve as inputs to the next,
so that contributions accumulate and carry forward across the design
process. For example, the limitations noted in Paper I motivate the
temporal approach of Paper III, while the requirements of Paper II and
the scenario of Paper III carry directly into the design and structure of
Paper IV.

Paper I establishes the conceptual and methodological foundations
for modelling intent; Paper II grounds these empirically and derives
requirements for synthetic wingmen; Paper III extends them to the
temporal dynamics of intent formation and interpretation; and Paper IV
instantiates them in a human-in-the-loop study, exploring intent
transparency in design. Together, the four papers move from defining
intent as a modellable construct toward demonstrating how it can be
designed for in hybrid teaming (see Figure 10). Contributions are
characterised by two aspects. The first concerns the type of design
artefact produced: concepts, models, methods, and instantiations,
together with prescriptive design. These dimensions combine in each
paper and are summarised in the contributions sections that follow.
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Recognise Analyse Conceptualise Actualise Finalise

Paper I

Paper .\
Paper 11
Paper

Concepts,
Model, Method

—

Method, Models,
Design requirements
Paper III

Method, Models,
Paper
./ Models, Methods, Instantiation,
Paper IV Design considerations

Paper

Iterative core

Figure 10. The four papers positioned across the integrative design process.

Paper |

In ‘Modelling Situated Intent for Human-Autonomy Teaming: A
Human-Centric Approach,’ conceptual and methodological foundations
for the framework is established by addressing what intent is and how it
can be modelled.

Problem and Aim

The paper identifies two significant issues when modelling intent in a
hybrid teaming context. First, the concept of intent is ambiguous,
making it difficult to determine what academics and practitioners alike
are, or should be, modelling. This ambiguity may lead to misconceptions
and misalignment within and across stages of the design process. To
address this issue, defining and operationalising intent emerged as a
requirement for achieving conceptual clarity and practical applicability.
Second, there is a lack of methods for modelling intent that make its key
aspects explicit and structurally intelligible. Such representations are
essential to the design process, as they provide a shared reference point
for analysis, conceptualisation, and evaluation across stages and
individuals. To address this issue, there is a need to develop methods that
are aligned with the definition and operationalisation of intent.
Accordingly, the paper aims to define and operationalise intent, and to
outline an approach for modelling situated intent. Through the
demonstration of concepts, models, and methods in a Human-

68



Autonomy Teaming context, it provides a coherent and practical
foundation for understanding and representing intent.

Approach

To define and operationalise intent, a literature review identified,
analysed, and synthesised how the concept has been treated across
established frameworks and models, focusing on its nature, function,
and representational content. To account for the nature and function of
intent, Bratman’s (1987) theory of practical reasoning was adopted.
From this, intent was defined as ‘choices characterised by commitment’
with the functional role of coordinating action.” While this clarified the
nature and function of intent, its representational content was left
unclear. To address this misfit, the six levels of cognitive control were
adopted from the Joint Control Framework (Lundberg & Johansson,
2021). Originally describing joint control between human and
technology, the levels were here reconstituted as a structure for intent’s
representational content. Through these, the facets and elements
proposed across domains were analysed and synthesised, ranging from
situations and goals, through considerations and plans, to activities and
objects. From this synthesis, a conceptual model of situated intent was
proposed. Using prior definition and the conceptual model as a basis,
intent was operationalised as: ‘deliberated and connoted choices
connected by context—situation and means—end reasoning within an
intent space with six levels of cognitive control’.

Grounded in the operationalisation, Applied Cognitive Task
Analysis, the Critical Decision Method, and Work Domain Analysis were
adapted and integrated into the proposed approach, providing an
account of both possible and actual intent in a specific situation (see
Knowledge Acquisition). From the former two, the main usage was an
integrated set of probes for eliciting human reasoning about possible and
actual intent in target situations. Work Domain Analysis was adapted in
two respects. First, the standard abstraction hierarchy was replaced with
the six levels of cognitive control to model situated intent. Second, the
representational structure was retained for its ability to hold formative
and descriptive intent within the same model: what can be committed is

stated as a choice, and what is committed as a decision. Together, the
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adapted approach provided a unified representational form for analysing
intent across its facets, from abstract situational framing to concrete
objects, while making visible the structures of commitments formed
through reasoning.

The conceptualisation of intent and the proposed approach were
then explored, enabling demonstration. Seven subject matter experts
participated in scenario-based interviews, using the integrated probes
supported by low-fidelity simulations, set within the transfer of control
situation of the shared reconnaissance scenario. Knowledge analysis
used a theory-driven thematic analysis aligned to the proposed
conceptualisation of intent, followed by knowledge representation using
the outlined approach.

Findings

Applying the approach, the definition of intent proved valuable in
directing attention to commitments rather than other pro-attitudes such
as desires or wishes. Treating intent as commitment also provided a
theoretical rationale to constrain reasoning, effectively acting as a filter
against inconsistent or conflicting choices. Further, as commitments
serve as stable reference points, considerations and commitments may
be distributed cross-temporally, making intent structurally coherent and
consistent. Anchoring such structures to anticipated situations allows a
shift towards enactment through recognition, guiding behaviour rather
than requiring construction anew in the present. As such,
conceptualising intent as a structure of commitments supports the
management of cognitive (or computational) load through filtering,
cross-temporal distribution, and recognition-based enactment.

The operationalisation was considered valuable as it presents
intent as situated within a context and shaped by constraints, and
therefore as multi-faceted. The context-situation separation allows a
target situation to be treated as embedded within its wider context,
whilst the levels of cognitive control differentiate the facets through
which intent is formed. The connections drawn by context-situation and
means-end reasoning further carry explanatory power, accounting for
the reasoning behind decisions. As such, the operationalisation directs
attention to the facets, elements, and potential structures of intent,
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providing an analytical basis for understanding why it is formed, what it
represents, and how it is (to be) enacted.

The methodological approach was considered applicable and
practical, particularly because it accounted for both possibilities and
actualities. This is valuable: design ought to account for what is or should
be done in situations, while also supporting what can be done in
unanticipated situations to remain adaptable. Further, the proposed
approach helps explicate choices and decisions, making it easier to trace
and explain the emergence of inconsistent or conflicting intent (see
Paper II). For design, providing such traceability and explainability is
essential to support coordination. As proposed, however, the approach
did not address the strength and temporality of intent, motivating
complementary approaches (see Paper III). In conclusion, whether used
to design interfaces, semantic spaces, or synthetic agents in hybrid
teams, the methodological approach was considered a valuable means to
identify and convey the informational and functional requirements
necessary to account for agency within the design process.

Contributions

The paper mainly provides theoretical and methodological contributions
toward defining, operationalising, and a method for modelling situated
intent.

Concepts. Intent was both defined and operationalised,
transforming it from an ambiguous concept into a structured design
artefact. This was accompanied by a demonstration in a Manned—
Unmanned Teaming context to provide practical guidance for hybrid
teaming development. From the operationalisation, the concept of an
intent space was also suggested, providing a means to represent both
potential and actual intent. A further contribution is the concept of
situations-of-situations, which recognises that intent may be nested,
enabling the separation of mission context from specific target
situations.

Models. The conceptual model of situated intent provided a link
between theoretical, methodological, and empirical considerations,
offering a practical tool to structure and analyse different aspects and
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elements of intent. By applying it to the case, it was demonstrated as an
initial scaffolding tool for the development of models of situated intent.
Method. A novel human-centric approach to represent intent by
combining well-established Human Factors methods. This approach
provides a unified representational form that emphasises both the
formative (what can be considered) and descriptive (what is committed)
nature of intent through context—situation and means—end reasoning.
Through demonstration and evaluation in a Manned-Unmanned
Teaming context, it provides a practical and structured account of how
situated intent can be modelled to support coordination in hybrid teams.

Paper I

In ‘My Synthetic Wingman Must Understand Me: Modelling Intent for
Future Manned—Unmanned Teaming,” the foundation of modelling
situated intent is grounded empirically.

Problem and Aim

The paper recognises a lack of practical approaches for modelling intent,
and of models of intent that can inform design and development, in the
context of Manned—Unmanned Teaming. Such approaches and models
are critical for the design of future air capabilities. They can highlight
which aspects must be understood and shared to maintain coordination
between human pilots and synthetic wingmen. To address this issue,
there is a need for applicable approaches to represent and analyse intent,
and for corresponding models that are empirically grounded to inform
design decisions. Building on the theoretical and methodological
foundations described in Paper I, the present paper aims to complement
these with practical and empirical insights into modelling situated
intent. It further aims to identify requirements enabling synthetic
wingmen to reason about their human partner’s intent. The paper
contributes practical insights from applying the modelling approach,
empirically grounded models of situated intent, and design
considerations for the development of future Manned—Unmanned
Teaming capabilities.

72



Approach

To model situated intent, the same theoretical and methodological
foundations as in Paper I were used, drawing on the same set of subject
matter expert interviews. Paper II, however, places a stronger emphasis
on what can be learned in practice from modelling and from the resulting
models in a Manned—Unmanned Teaming scenario. To narrow the
scope, the paper models pilots’ intent in a reconnaissance mission,
focusing on transfer of control and link loss situations. To complement
the interviews, a literature review was added, focusing on published work
on domain models in the unmanned aircraft domain and enabling the
identification and synthesis of relevant structures. Participants included
four fighter pilots, two specialists with expertise in both manned and
unmanned aircraft systems, and one unmanned aircraft system
operator. The two sources were analysed separately through theory-
driven thematic analysis, guided by the six levels of cognitive control. The
results were then used to inform and complement one another, and
synthesised into a conceptual model of the fighter pilot’s intent space in
the mission context. From this synthesised model, the transfer of control
and link loss models were constrained as subsets, representing and
analysing pilots’ intent in the two situations separately.

Findings

Learning through modelling and models provided valuable insights for
the design of future Manned—Unmanned Teaming capabilities. From the
applied approach, three empirically grounded models of situated intent
were designed and analysed. The first model provides a novel conceptual
representation of the Manned—-Unmanned Teaming context,
synthesising and extending earlier unmanned aircraft models through
subject matter expert interviews. The elements identified across the six
levels of cognitive control provide the necessary foundation for
understanding aspects of intent in this domain. Using this contextual
knowledge, intent in the transfer of control and link loss situations was
represented and analysed to establish a better understanding of these
recognised challenges.
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The methodological approach was considered practical and
applicable, particularly as the models of situated intent were judged to
be reusable and scalable. Such reusability and scalability reflect the
concept of situations-of-situations introduced in Paper I: the transfer of
control and link loss models were embedded within the broader
reconnaissance mission model. The chosen level of decomposition
thereby controlled the granularity at which intent was represented. This
is essential, as modelling efforts are typically resource-intensive and
often suffer from scope. Existing representations thus serve as valuable
scaffolding tools. In effect, the ability to re-utilise these models implies
they may be applicable to similar situations. The design focus can then
shift toward identifying misfits between the baseline model and new
situational requirements. Further, the ability to represent and analyse
choices considered and committed within a single model proved
valuable, particularly for tracing where intent converges or diverges
across agents. For example, the transfer of control analysis indicated a
strong consensus, represented as a single intent structure, reflecting an
anticipated situation in which participants could rely on shared plans
and procedures. In contrast, the link loss analysis revealed three
personas with distinct intent structures, reflecting an unanticipated
situation. Small differences in the framing of the situation propagated
across levels of cognitive control, resulting in inconsistent and
conflicting intent. The ability to trace where such divergences originate,
and how they propagate, strengthens the analysis for the design of future
Manned—Unmanned Teaming capabilities.

To further support the design of such capabilities, several
requirements were identified, focusing on the higher levels of cognitive
control. In general, these draw on human abilities and tendencies, such
as Theory of Mind, conceptualised as capabilities to be emulated in
technology for more natural interaction. For example, unmanned
aircraft acting as wingmen need to be able to reason about the mission
context (e.g., Commander’s Intent and operational environment) and
situational needs (e.g., priorities and trade-offs) to be sufficiently
agentic. Further, the ability to represent frames and framings is
considered valuable, as this provides a means to anticipate situational
needs and recognise incongruences with the pilot’s framing of the
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situation. Understanding own and human performance (e.g., mission
and team status) and constraints (e.g., causal limitations and mission
boundaries) was also considered important, providing the explainability
required when shifting goals and courses of action. Finally, the
importance of shared plans and procedures was emphasised, as they
provide a stable point of reference for detecting incongruences. Rather
than strictly recognising what the pilot is doing, this becomes a
monitoring function: measuring the congruence between observation
and expectation carries a comparatively low computational burden.

Contributions

The paper provides methodological and empirical contributions toward
grounding and demonstrating the modelling of situated intent in a
Manned—Unmanned Teaming context.

Models. Grounded in a literature review and seven subject matter
expert interviews, three models of situated intent were presented. Each
offers novel insight into envisioned situations in the emerging research
and development of Manned—Unmanned Teaming capabilities.

Method. Demonstrating the practical applicability of the
approach proposed in Paper I, Paper II showed how existing models of
situated intent can function as reusable and scalable scaffolding tools for
modelling intent in similar situations. Specifically, existing models
reduced the need to construct new ones, instead enabling the extension,
constraining, and alignment of existing representations. Further, as
anticipated in Paper I, the models enabled the identification and analysis
of considered and committed choices, tracing the reasoning between
them, and comparing intent structures across situations and agents.

Design requirements. Grounded in the learning from
modelling intent and the resulting representations, several requirements
for enabling unmanned aircraft to act as human-like wingmen were
identified. In essence, they suggest that the technology needs to reason
across the levels of cognitive control, particularly the higher ones, and to
understand such reasoning in relation to its human partner. While the
focus was on unmanned aircraft capabilities, supporting the human in a
similar manner is warranted.
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Paper lli

‘When Things Change: Temporal Dynamics of Intent Formation and
Interpretation in Critical MUM-T Situations’ extends the prior
foundation into the temporal domain.

Problem and Aim

The paper recognises the need for methods to model the temporal
aspects of intentional processes, and for representational forms that
make these aspects analysable, in critical Manned—Unmanned Teaming
episodes. In the design of future air capabilities, accounting for such
temporal dynamics is essential for understanding the deliberative
process whereby pilot intent emerges, evolves, and is to be enacted over
time. Accordingly, the aim of the study is to model temporal aspects of
intentional processes in a Manned—Unmanned Teaming scenario. Intent
is addressed both as a formative process, in which intent is formed and
transformed as situations evolve, and as an interpretative process, in
which the intent of other agents is inferred. The investigation focuses on
data link disruption and aircraft encounters. Through application and
demonstration, the paper contributes an improved understanding of
how temporal aspects of intentional processes can be modelled, and
insights into the deliberative processes under investigation.

Approach

The Joint Control Framework (Lundberg & Johansson, 2021) was
considered a natural fit to model temporal dynamics of intentional
processes. Specifically, in Paper I and Paper 11, the six levels of cognitive
control served as a cornerstone for the operationalisation and
subsequent modelling of situated intent. This provided the theoretical
and methodological basis for moving from studying static ‘snapshots’ of
situated intent (the why, what, and how) to representing and analysing
the temporal dynamics of practical reasoning (the when) through which
those states arise. However, as originally described, the Joint Control
Framework primarily focuses on interaction between agents in shared
control processes, rather than on intentional processes themselves. To
address this misfit, two adaptations were made. First, the analytical
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focus was shifted from modelling interactions to representing the
practical reasoning underlying intent. Second, choices were explicitly
represented alongside the framework's perception, decision, and action
points, creating four core activities across the levels of cognitive control.
To represent these processes temporally, score episode diagrams were
adopted as the representational form, mapping activity points across
levels and time. Together, these form a temporally organised structure
through which the deliberative processes underlying agency in complex
and dynamic situations can be represented and analysed.

Knowledge elicitation was conducted through scenario-based
interviews with ten experienced fighter pilots. The scenario, further
developed from Paper II, outlined a narrative around a reconnaissance
mission involving Manned—Unmanned Teaming, focusing on data link
disruptions and aircraft encounters. During the interviews, an interview
protocol and low-fidelity simulations were used as complementary
instruments. The protocol, designed around the six levels of cognitive
control, structured the probes in relation to the applied framework. The
simulations, in the form of animated presentations, provided situational
cues and temporal reference points as the scenario unfolded. Data were
recorded and subsequently analysed using a qualitative approach guided
by a conceptual model of situated intent (see Papers I-IT). This analysis
included organising interview data into intent elements across the levels
of cognitive control and over time. From this analysis, knowledge was
represented in score episode diagrams by sequentially mapping
perceptions, choices, decisions, and actions across the levels and time.
This made the temporal structures of intentional processes analytically
more accessible and communicable.

Findings

In practice, the adapted methodology demonstrated its value for
representing and analysing the temporal dynamics of intentional
processes. In total, four empirically grounded models were represented
and analysed, each describing identified temporal patterns of pilot
reasoning in the studied situations. The first model represents an
episode involving the onset of concurrent data link disruption and
aircraft encounter events. The analysis indicated that pilots reorganised
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these into a prioritised sequence rather than managing them in parallel,
given situational constraints. The second model represents proactive
intent formation to uphold data link status. Here, immediate
adjustments to maintain system performance preceded a transition to
deliberation over plans, criteria, and goals when these adjustments were
no longer sufficient. This shift reflects a movement from individual to
team-level coordination. The third model illustrates two episodes in
response to link loss: an initial phase of rebuilding awareness, followed
by reconnecting and reassessing. Together, these episodes reflect a shift
from reactive to proactive intent formation. The last model depicts intent
interpretation in an encounter with an unknown aircraft, unfolding
through two episodes: aircraft identification and subsequent intent
interpretation. Together, these illustrate a satisficing strategy in which
classification and perspective-taking constrain the space of plausible
inferences across levels of cognitive control.

Besides the models of practical reasoning in the studied situations,
the findings reaffirm the relationship between prior conceptualisations
and representations of situated intent. Whereas work domain models of
situated intent may be seen as representing ‘snapshots,’ the resulting
models illustrate how activities such as perceiving, choosing, deciding,
and acting are organised over time. Consequently, intent is not merely a
structure of commitments for action, but one that also includes
commitments to future perception and deliberation, enabling coherence
as situations evolve. This organisation further indicates a synchronising
function, distributing activities across different time horizons to organise
not only what to do but when.

Established intent structures were found to support both intent
formation and interpretation. In intent formation, full or partial
segments of established structures enabled enactment under bounded
rationality. Two patterns were identified: a reactive control mode,
characterised by rapid responses with limited deliberation, and a
proactive control mode, where plans, criteria, and goals were
reconsidered and recommitted more gradually across levels. At times,
such enactment may occur without explicit awareness, reflecting
habitual or routinised use. At the same time, these structures provide a
basis for further deliberation, enabling incremental adaptation within
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and across levels as situations evolve. In intent interpretation,
established structures provide a basis for attributing commitments. Each
assumption constrains subsequent assumptions, effectively reducing the
space of plausible inferences across levels of cognitive control.

Such mechanisms are essential, as the analysis indicates multiple
shifting and interacting layers of constraints that shape intent formation
and modulate one another: contextual, situational, causal, intentional,
and relational. These create dependencies within tasks and
interdependencies across team processes, through which new
requirements and opportunities for further activity may arise. In effect,
this reflects the notion of an intent space as dynamically changing,
structuring what can and should be done in terms of perceiving,
choosing, deciding, and acting. The temporal organisation of these
activities is essential for managing demands. For example, concurrent
events within the mission situation may be reorganised into sub-
situations to cope with time pressure, task difficulty, and risk exposure.
This observation further substantiates the concept of situations-of-
situations, helping to explain how pilots may structure complex
problems into manageable units. Lastly, situated intent demonstrates its
inherent coupling with intentionality and agency, as formative and
interpretative aspects cannot be meaningfully separated. Intent emerges
and evolves through ongoing activity in which perception, choice,
decision, and action co-develop and continuously reshape one another.

Contributions
The paper contributes theoretically, methodologically, and empirically
toward modelling the temporal dynamics of intentional processes.
Method. The Joint Control Framework was reconceptualised in
terms of intentional processes and applied within the Manned—
Unmanned Teaming domain, demonstrating practical value for
representing and analysing the temporal dynamics underlying pilot
intent. Theoretically, this extends the prior conceptualisation of intent,
from committed situated choices to a cross-temporal organisation of
intentional activities, with the intent space correspondingly understood
as dynamically changing. Operationally, intentional processes comprise
four core activities: perceptions, choices, decisions, and actions, mapped
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across levels of cognitive control and time in score episode diagrams.
Such temporal structuring is fundamental for understanding how intent
emerges and evolves in situations with changing demands.

Models. Through application of the adapted approach, four
empirically grounded models of intentional processes in a Manned—
Unmanned Teaming scenario were developed and analysed: three
representing intent formation and one intent interpretation. Together,
they demonstrate the value of the approach for identifying temporal
patterns of practical reasoning.

Paper IV

‘Fast but Fragile Intent Interpretations: Effects of Transparency on
Awareness and Performance in MUM-T" moves toward design and
evaluation, instantiating the conceptual solutions and introducing team
intentionality as the broader capacity the framework aims to support.

Problem and Aim

The paper identifies the challenge of sustaining team intentionality when
real-time communication is unavailable. Pilots must then interpret,
understand, and predict the behaviour of their wingman through
observation and expectation alone. This shifts transparency from a
problem of information transfer toward a problem of interpretation. For
design, this is recognised as the need to make agent state and intent
accessible beyond explicit communication in hybrid teams. To this end,
transparency is proposed as a mechanism to support the pilot’s
awareness of the wingman’s state and intent. The paper aims to
investigate the effects of two levels of intent transparency on a lead pilot’s
performance and awareness in a link loss situation. Through a human-
in-the-loop study, the paper contributes empirically grounded insights
into how intent transparency may shape interpretation, along with
design considerations for fostering team intentionality.

Approach
The concept of team intentionality was introduced and conceptualised as
a collective capacity to sustain coordinated action through shared
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awareness, compatible goals, and meshed plans in hybrid teams. The
conceptual model of situated intent presented in Paper I was then used
to compare and align two established transparency models, revealing a
substantial overlap across their elements. Notably, whereas such models
emphasise conveying the agent’s reasoning and projections, the
alignment also spans the lower levels through which the agent becomes
observable in the first place. With this as a basis, intent transparency was
operationalised through the levels of cognitive control and common
intent elements, which functioned as a design lens for identifying
information needs. Paper II provided the specific information presented
in the HMI to foster awareness of another agent's intent in link loss
situations. Paper Il informed the scenario and task structure, grounding
them in the intentional processes: aircraft encounters were scripted as a
priority task that also functioned as an attentional distractor,
contributing to awareness degradation of the wingman during link loss
episodes, reflecting patterns identified in Paper III. Paper I, finally,
informed the development of the questionnaire, so that the design and
the measures of awareness and performance derived from the same
operationalisation of intent.

With this grounding, an exploratory human-in-the-loop
experiment was conducted using a higher-fidelity simulation. A within-
subject design was applied, in which participants were exposed to low
and high levels of intent transparency. The conditions differed in the
extent to which information about the wingman’s state and intent was
provided: the low level offered baseline mission and state information,
whereas the high level added projective cues about the wingman’s likely
state and intent during link loss. Eight participants each completed two
experimental trials following the same procedure. For each trial, video
recordings and questionnaires were collected. Video recordings provided
objective indicators of behavioural performance, focusing on task
success and completion time. Questionnaires captured subjective
assessments of performance and awareness of the wingman’s state and
intent.
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Findings
Building on the contributions of Papers I-III, the study presents an
instantiation in which the conceptual solutions are developed,
implemented, and evaluated through a human-in-the-loop simulation
study. The results were mixed across conditions. In line with findings
from Papers II and III, awareness of the wingman’s state and intent
appeared to rest on correctly identifying aircraft and on matching
expected against observed trajectories through established plans. Entity
identification proved particularly important: correct identifications were
followed by correct plan and goal selections, whereas incorrect
identifications cascaded into subsequent errors across both conditions.
However, the observed behavioural patterns point to a divergence from
the sequential reasoning strategy identified in Paper III. Rather than
constraining assumptions step by step, participants appeared to
maintain multiple hypotheses in parallel, seeking a satisficing match
between identity, plan, and goal. The conditions likewise diverged from
expectations, indicating a trade-off. Low support led to higher success
rates and faster entity detection, grounding early state awareness. High
support instead accelerated entity identification and plan and goal
selection, at the cost of more errors. Self-judged awareness and
performance were generally similar across conditions. The exception was
the low-support condition, where ratings dropped noticeably when task
components were unsuccessful. In contrast, the high-support condition
showed comparable ratings regardless of task outcome, indicating that
participants maintained confidence even when their interpretations
were incorrect. Together, these patterns suggest that increasing intent
transparency may promote fast but fragile interpretations: formed
quickly and confidently, yet difficult to revise as new information
becomes available. Such interpretative lock-ins, accompanied by
misaligned confidence, correspond to findings on complacency and
automation bias. Given the exploratory design and small sample, the
findings are read as indicative patterns, corroborating rather than
extending broader research in human factors and transparency.

From these findings, four design considerations were proposed.
Transparency should be adaptive, providing what is displayed, when,
and how, according to situational needs, with particular care for the
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lower levels through which another agent becomes observable. It should
support comparison between parallel hypotheses. It should calibrate
confidence against available data. Finally, it should preserve revisability,
keeping interpretations open to challenge to prevent premature lock-ins.
Together, these considerations aim to support the transparency needed
for the interpretive processes required for continuous alignment,
fostering team intentionality as situations change.

Contributions

The paper provides empirical and methodological contributions toward
designing for team intentionality, carrying the conceptual solutions of
Papers I-III into instantiation and evaluation.

Instantiation. The conceptual solutions were instantiated in a
working implementation, comprising the human—machine interface, the
simulation environment, and the human-in-the-loop study. The
instantiation demonstrates the constructs, models, and methods of the
preceding papers in context, yielding the finding that intent
transparency may promote fast but fragile interpretations.

Method. The paper demonstrates the use and conversion of
models across design stages as a means of maintaining the design
process, from problem definition and interface content to scenario and
measures. Deriving the design and the measures from the same
operationalisation maintained correspondence between what was
designed and what was evaluated.

Models. Intent transparency was operationalised through the
levels of cognitive control and common intent elements, forming an
intent transparency model as a design lens for identifying information
needs.

Design considerations. Four considerations for transparency
mechanisms were identified: adaptive transparency, hypothesis
comparison, confidence calibration, and revisability. While individually
consistent with prior transparency research, they are here derived
through the operationalisation of intent, grounding them in what must
be interpreted to sustain team intentionality.
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Team Intentionality by Design

Designing for team intentionality confronts a complex landscape of
interconnected factors, spanning the human, the technology, and their
relation. To support the design of future joint human—technology
activity, this chapter seeks to develop a practical framework of team
intentionality, one that establishes central aspects and offers guidance
for their use, grounded in the preceding theory and the studies across the
papers. The framework is developed in two parts, addressing the two
research questions in turn. It begins by framing team intentionality,
setting out the concepts and relations that may be central to analysing it
(RQ1). It then turns to realising it, setting out how those concepts and
relations can be used in the design of hybrid teaming (RQ2). It closes
with the case that motivated it, Manned—Unmanned Teaming, and what
the framework offers for where its design stands and where it may go.
Together, they seek to make team intentionality more tractable and
traceable in the design of future joint human—technology activity.

Framing Team Intentionality

Framing team intentionality concerns setting out its core concepts and
their general relations, addressing what may be central to it (RQ1). It
does so through eight aspects, each foregrounding a facet of the
phenomenon, shaping the problem and solution spaces, and posing its
own questions for analysis (see Appendix). It begins with the hybrid
team, the unit whose intentionality is in view. It then turns to how
intentional states are held and arise, through the strata and the situation
as framed, and to how a unit regulates its activity and bounds its choices,
through agency, the agentive unit, and autonomy. It closes with intent
and aligned intentionality. A concluding synthesis then reads the aspects
together — as one interdependent account rather than a checklist — and
recasts each as a place where awareness or intent can fail, so that misfit
becomes locatable.
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The Hybrid Team

As hybrid teaming emerges as a distinct field, recognising what
constitutes such a unit becomes essential. As presented earlier (see The
Evolution of Hybrid Teaming), its various conceptualisations converge
toward traditional team definitions, with the distinction that they
envision human and technology as peers in joint activity. To this end,
rather than proposing new definitions that may add confusion to
established ones, making implicit assumptions more explicit becomes
more important. In this regard, the structural facets from team science
(see Defining Team Structures), alongside the subsequent integration
with intentionality research (see Structural Foundation), can provide
direction. Specifically, they provide an analytical lens for examining
human-technology configurations in terms of perceivable membership,
defined boundaries, a shared purpose, established accountability, and
activity interdependence. Figure 11 provides an overview of these facets
and the analytical questions they pose for examining human-technology
configurations. Each facet is elaborated after.
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Figure 11. Five structural facets of a hybrid team with example questions.

Membership establishes who is recognised as a participant,
fixing whose intentionality counts in joint activity. Operationally, this
requires reciprocal recognition: not only humans perceiving technology
as a participant rather than an instrument, but technology able to
identify and orient toward its human partners. A question may be who is
recognised as a member, and whether that recognition is reciprocal. In
Manned—-Unmanned Teaming, for example, this surfaces whether the
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unmanned aircraft is treated as a wingman or an expendable tool, and
whether it can orient toward its human partners in turn.

Boundaries position the team within its organisational context,
defining the delegated authority and ethos from which purpose and
constraints derive. The ethos grounds the motivational conditions of
satisfaction for collective action, and may include beliefs, goals, values,
norms, standards, traditions, and practices. Operationally, what is
conferred from outside cannot be assumed to regulate conduct from
within, as the two may diverge without explicit alignment. A question
may be what ethos can be derived, and whether it is aligned across
members. In Manned—-Unmanned Teaming, for example, the
Commander’s Intent is expressed against the ethos, surfacing whether it
is aligned across human and technology.

Purpose defines why the team exists and what it is directed
toward, anchoring both individual and collective agency. Where
boundaries set conditions from outside, purpose requires members’
internal commitment in accordance with the accepted ethos. Such
internal commitment cannot be assumed, and alignment is not fixed but
must be actively maintained as situations evolve. A question may be what
intent members hold, and whether it remains aligned. In Manned—
Unmanned Teaming, for example, this concerns whether the pilot and
wingman hold the same mission intent as conditions change.

Accountability structures how roles and responsibilities are
distributed, with outcomes collectively owned. Responsibilities span
role-specific tasks, overlapping contributions where roles meet, and
collective outcomes for the team as a whole. In practice, this asymmetry
operates across levels: what is distinctly held, what is shared, and what
is collectively owned must each be recognised as such. A question may
be who is responsible for what, and whether accountability is held
individually, jointly, or collectively. Across papers, the pilot answers for
the air picture and the wingman for surface reconnaissance, while both
share responsibility for safe separation, and the team as a whole answers
for the mission.
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Interdependence defines the dynamic relations that bind
members in teaming activity, ranging from pooled and sequential
workflows to the reciprocal and multidirectional forms characteristic of
teams. Managing these dependencies means organising mental and
physical activities and resources over time, addressing both the demands
they impose and the opportunities they afford. This relies not only on
synchronising actions but on meshing members’ intentional states,
which is often left implicit yet essential to sustain team agency. A
question may be what requirements and opportunities may arise, and
how they are organised over time. In Manned—Unmanned Teaming, for
example, the pilot and wingman are often expected to continuously share
information to align perceptions that shape subsequent decisions and
actions.

Broadly aligned with these facets, teamness (see Teaming as an
Activity) concerns how strongly that structure is expressed in a given
situation. Interdependence in activities, reflected in the interaction
modes of coordination, cooperation, and collaboration, may provide a
complementary analysis: each mode may be rated against the demands
of a specific activity, and the gap between what an activity demands and
what the configuration provides is what the analysis seeks to locate.
Figure 12 presents such rating as an illustrative case for the pilot—
wingman dyad in shared reconnaissance under normal conditions. The
collaborative demand is rated high (7), as the shared mission goal
requires reciprocal participation across air and surface tasks. The
cooperative demand is rated low (3), as the relationship is supervisory
rather than peer-like. The coordinative demand is rated moderate (4), as
their tasks run largely in parallel, with little coupling to manage between
them. Other activities would produce different profiles.
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Figure 12. Interaction mode praofile example for shared reconnaissance under normal
conditions.

Together, the five facets, the teamness continuum, and the
interaction modes provide a structured basis for examining human-
technology configurations. Rather than asking whether something is a
team, the framework asks what structural properties are present, to what
degree they are expressed, and what the activity demands of its
members. This shifts the question from classification to degree: not what
to call a configuration, but what it requires and whether those
requirements are met when needed.

The Strata of Intentionality

Drawing on previous sections (see Individual and Collective
Intentionality), intentionality refers to the epistemic aboutness and
conative directedness that emerge and evolve within agency. The
framework conceptualises intentionality across three strata: a repertoire
in the Background, occurrent representations in the Network, and salient
states in the Foreground. Further, a split is made between the
nonintentional preconditions in the Background and the intentional
states in the Network and Foreground. Figure 13 illustrates this
conceptualisation of intentionality within agency, and it is further
elaborated below.
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Figure 13. The three strata of intentionality within agency.

Background broadly comprises the repertoire of performative
and epistemic preconditions that enable intentional states. The
performative (how to do things) concerns capacities, abilities, skills, and
competences, among others, that ground agency, while the epistemic
(how things are taken to be) comprises the underlying structures, such
as mental models, frames, values, conventions, traditions, and practices.
Together, they set the foundation and boundary conditions for team
intentionality, posing questions such as: what can members do
individually, jointly, and collectively given these? Further, how do they
configure in a given situation, and what intentional states may then
emerge? For example, Paper II identified that the synthetic wingman
requires preconditions akin to those of a human teammate:
performative, such as the ability to reason about others’ intent, and
epistemic, such as the underlying structures that support such reasoning.

Network comprises a holistic web of intentional states that give
rise to salient aboutness and directedness, and defines the conditions
under which those states are satisfied. Within this web, all states are
available but not equally accessible, as some shape intentionality
implicitly while others are open to reflection. More specifically, these
states can be understood as nodes forming a gradient from the salient
centre outward. Those closely connected are more accessible, while those
further out shape reasoning without being readily apparent. Examining
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these nodes then reveals why salient states take the form they do. This
poses questions such as: what underlying states shape the salient ones,
and do members draw on the same? For example, Paper II revealed that
pilots held different underlying assumptions and priorities regarding the
same situation, which may be explained by different nodes in their
respective Networks (e.g., beliefs, assumptions) and different
Background foundations (e.g., expertise, stances).

Foreground holds the situationally salient intentional states:
those actively about and directed toward objects and states of affairs,
whether real or envisioned. Each salient state draws on the Network’s
central nodes, pairing psychological modes with representative content:
believing that something is the case, desiring a particular outcome, or
intending a course of action. These pairings carry conditions of
satisfaction that function as motivational criteria within agency,
surfacing selective aspects of both aboutness and directedness. This
poses questions such as: what aspects of the situation and intent are
surfaced, what conditions must hold for the situation to be recognised
and the intent to be achieved, and do members surface the same? For
example, Paper III demonstrated how evolving situations shifted what
pilots surfaced, leading to changes in both how they framed the situation
and what they intended to do about it.

While described as separate, the strata work in conjunction,
actively developed and maintained through mechanisms (see
Representational Foundations) such as communication (explicit
exchange), socialisation (tacit sharing), externalisation (implicit made
explicit), and internalisation (explicit made implicit). Externalisation
and internalisation mediate movement within the strata, converting
between implicit and explicit, while communication and socialisation
extend this interplay between members. This poses questions such as:
what can be surfaced and communicated between members, what can
only be developed through socialisation over time, and what remains
implicit? For example, Paper II identified procedures as having a
particular quality: once internalised through training, they are expected
to function as shared implicit intent, available without communication.
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Together, the strata provide a structured account of intentionality
within agency: what is surfaced, what it draws on, and what enables it.
For team intentionality, this allows salient states to be traced to their
underlying conditions, and divergences between members to be located
within the strata.

The Situation as Framed

In the framework, a situation refers to the ascribed state of affairs an
entity takes to be the case. As such, it is not a feature of the states alone,
but an interplay between these and what human or technology take them
to be. Here, it is proposed that frames and framing provide the
mechanism through which the entity interprets and updates such
intentional states through sensemaking (see Epistemic Aboutness).
These frames are conceptualised as webs comprised of slots and relations
that, within conditions of satisfaction, give rise to the situated epistemic
aboutness and conative directedness. As a synthesis of schema, scripts,
and mental models, their content may concern not only states of affairs
but courses of action and other intentional entities. This situated
intentionality is organised within the strata (see The Strata of
Intentionality), where a situation may be understood as a particular
instantiation. The Background repertoire provides the preconditions for
frames and framing. The occurrent Network comprises the contextually
relevant states, and the Foreground gives rise to the salient nodes the
entity takes to be the case. This is illustrated in Figure 14, where the
frame fits epistemic slots (circles) and conative slots (squares) from its
sources. The filled frame then projects an ascribed situation, which may
depart from the actual one. From the figure, intentionality may be
examined along three aspects: orienting, situating, and nesting.
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Figure 14. The frame projecting an ascribed situation against the actual.

Orienting can be understood as the activity through which
conative directedness shapes situational framing. Figure 14 illustrates
this, where what the framing is about, and what it leaves aside, follows
from the motivations directing it. These motivations are pro-attitudes of
varying strength, for example ranging from wishes (W) through desires
(D) and intent (I). Thus, framing is never neutral: what is attended to,
why it matters, how it is interpreted, and when it becomes relevant are
always intentionally directed. Further, this directedness extends beyond
the present and the epistemic: a situation may be framed across time,
encompassing what is anticipated or remembered, and across
psychological modes, encompassing what is imagined or desired, among
others. A purpose may also orient framing toward different objects,
whether a state of affairs of oneself or another, so that framing the
situation and framing a teammate’s intent are both shaped by what is
directed. It follows that the purpose orienting a frame is not explicit in
its content but determines which intentional states are occurrent in the
Network and which arise in the Foreground. A question for analysis may
therefore be what purposes make what frames available, which of these
are adopted, and how this shapes the framing of both the situation and a
teammate within it. For example, Paper III indicated that a mission
frame oriented pilots toward both their own air reconnaissance and the
wingman’s surface reconnaissance, framing the wingman as a teammate
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whose state and intent had to be understood for the team to realise
desired mission outcomes.

Situating concerns the activity through which an entity adopts,
elaborates, questions, sustains, or abandons a frame (see Epistemic
Aboutness). Through these activities, content from different sources is
fitted within the frame structure, establishing a web of intentional states
in the Network, concerning, for example, objects and their attributes,
courses of action, or the intentionality of team members. The conditions
of satisfaction then determine what is salient in the situation and what
stays in the surrounding Network, effectively functioning as a filter to
determine what is surfaced and salient or submerged and occurrent. The
boundary a frame draws reflects what the entity takes to be situational,
which may differ from what is situational in fact. Figure 14 illustrates
this, showing the ascribed boundary against the actual one, with slots
fitted from the environment (E), assumptions (A), or prior knowledge
(K), and empty where content is currently unsatisfied. The content fitting
these slots may then be examined for its reliability and accuracy, and
where slots are empty, whether the missing content can be obtained. This
is apparent in Papers II-IV, where pilots represented the wingman
against their own situation, fitting knowledge of its plans, assumptions
about its behaviour, and observations of its position to interpret its state
and intent. Here the assumptions need confirmation, for instance by
checking identity and correspondence between behaviour and intent,
while under link loss the position slots emptied and the wingman’s state
had to be inferred from what remained. From such cases, questions
follow as to what sources a human or technology fits to each slot, how far
these can be trusted, and how closely they match the actual state when
sources fail, or content cannot be obtained.

Nesting concerns how a situation relates to its context, and how it
may itself become the context for a situation through a sub-frame (see
Epistemic Aboutness). Such nesting may be necessary, as for example, to
decompose a problem into sub-problems. Papers I and III
conceptualised this as an organisation of interdependent situations of
varying granularity and temporality: their grain, from a broad context to
finer sub-situations, and their extension across time. This
conceptualisation suggests that intentionality of human and technology

94



may draw on situations nested within one another, where a context and
the situations it contains feed both ways through context-situation
relations. In this view, the granularity and temporality determine which
situations can be, should be, or are currently salient within an
interdependent ontology. Figure 15 illustrates such an ontology as a set
of situations organised by granularity and temporality, showing a nesting
in which situations are decomposed and stretched across time.

Situation (S,)

— IO

Situation I Interdependence ~ srreesees » Example flow

Figure 15, Situations nested by granularity and temporality within a context.

As indicated, nesting may point to a single situation (S,) within its
broader situational context (S,), and to concurrent or overlapping
situations (S., S;) that may be interdependent (connector), where one
shapes the other. S3 may itself be decomposed into sub-situations (ss.1,
ss.2). Across this nesting, a human or technology may flow between
situations by granularity and over time (dotted arrows). From these
notions, a question for analysis may be which situations are salient
within a context, at what granularity, how they shape one another, and
how a human or technology moves between them over time. For
example, Paper I suggested a mission context may be decomposed into
salient situations, with a transfer of control further divided into phases.
Paper III further suggested that concurrent situations may be
reorganised to cope with demand, where attending to one defers another
and their trade-offs shape how a pilot moves between them.

Taken together, the situation as framed provides a structured
account of how a human or technology takes a state of affairs to be the
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case: a frame directed by purpose, its content fitted within a bounded
structure, and its situations nested within one another over time. The
account is not tied to any one situation, and it can be applied to a given
context to ask where a framing diverges across members, rests on what
cannot be verified, or is held at the wrong grain, and where each
threatens coordination.

Agency as Regulating

Within the framework, intentionality is understood as existing within
agency. Here, agency is a property of identifiable entities that arises
through autonomous organisation of intentional processes in their
coupling with the environment (Barandiaran et al., 2009). Paper III
identified four central activities through which the entity modulates this
coupling: perceiving, choosing, deciding, and acting. Figure 16 illustrates
this coupling as a recursive loop, with the four activities modulating the
entity’s relation to the environment.

Intentionality

Environment Gopling

S ———-

Figure 16. Agency as a recursive loop of intentional processes coupled with the
environment.

Within this coupling, the activities form the interface between the
entity’s internal orientation (e.g., intent) and its external realisation (e.g.,
outcome). In use, they connect the two. As Paper III indicated, the loop
is recursive rather than sequential, with shortcuts that bypass parts of
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the cycle. The activities are enabled by the Background, operate in the
Network, and may become salient in the Foreground as the situation
demands (see The Strata of Intentionality). A possible question for
analysis is how the loop operates in a given situation, and which activities
surface, recur, or remain latent. Each activity is examined in turn.

Perceive can broadly be understood as the activity through which
the human or technology takes in data, including the effects of its own
action, and integrates it into awareness. It is conceptualised to operate
through framing, where data is given meaning by the frames the team
member has adopted (see The Strata of Intentionality, The Situation as
Framed). Thus, what is perceived is selective, which bounds the loop that
follows: what does not reach awareness cannot be chosen or acted on.
One question for analysis is therefore how perceiving builds awareness,
and how this bounds the choices a human or technology can consider.
For example, Paper III indicates that pilots build awareness of the
wingman by tracking it, while Paper IV indicates that what was perceived
could bound the options considered, sustaining a confident but mistaken
interpretation.

Choose refers to the evaluative activity through which the human
or technology considers alternatives. The alternatives available are
constrained by the current awareness, and the criteria for weighing them
are drawn from the Network of intentional states (see The Strata of
Intentionality, The Situation as Framed). In this sense, choice brings
beliefs and desires together: an alternative is weighed by what the entity
takes to be the case and what it seeks to bring about. A possible question
for analysis is what conditions an alternative must satisfy to be
considered, and what further conditions it must satisfy to be decided. For
example, Paper I1I found that when an option no longer satisfied current
criteria, such as maintaining data links within set bounds, pilots widened
the space of possibilities, reconsidering the criteria by which alternatives
were judged.

Decide can be understood as the activity through which the entity
settles a choice, fixing what it takes to hold, whether epistemic or
conative. The resulting decision may feed back into the Network of
intentional states, where it can hold beyond the moment of deciding and
remain open to reconsideration when new relevant beliefs or desires
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arise. One question for analysis is what conditions prompt a decision,
and what conditions prompt its reconsideration. For example, Paper I11
found that pilots decided on courses as situations developed, treating
these decisions as stable references that could be reconsidered and
revised as conditions changed. The same analysis suggests that
interpretations could function as provisional decisions, held as the
situation was understood and revised when they no longer fit.

Act concerns the activity through which the entity enacts a
decision in the world. It enacts a practical decision in accordance with its
conditions of satisfaction, toward the desired end. Of the four activities,
action alone engages the environment: it is where the entity’s internal
orientation reaches outward conduct, and its conduct and outcome may
feed back into perception. One question for analysis is whether the
performance can be carried out and an outcome produced, and whether
they meet the conditions of satisfaction set for it. For example, Paper III
found that pilots acted to uphold degrading data links through
navigation adjustments and system management, such as reducing
distance or optimising power output, while monitoring the data link
trend to judge whether these actions held.

Across these activities, the loop is driven by the distance between
what is and what is desired, and works to reduce it (see The Strata of
Intentionality, The Situation as Framed). This distance need not arise
from perception alone, but may surface at any activity: perceiving may
register a state far from what is desired; choosing may find no alternative
that reduces it, or alternatives that conflict; deciding may settle on none,
or on one that does not close it; and acting may fail to move the world
closer, or widen the distance rather than close it. Any of these may start
or restart the loop. A potential question for analysis is where the distance
surfaces, and how the loop responds.

Taken together, agency provides a structured account of how an
entity operates intentionally: a recursive loop of perceiving, choosing,
deciding, and acting that works to reduce the distance between what is
and what is desired. The account is not tied to any one kind of entity, and
it can be applied to a given situation to ask where intentional processes
hold and where they break.
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The Agentive Unit

In the framework, the agentive unit identifies the entity in view within a
hybrid team configuration, scoping the intentionality and agency to be
examined. Drawing on the generic agency definition (see Agency as
Regulating), an agentive unit is any identifiable entity that autonomously
regulates its activity dependencies to satisfy its intentionality. It draws
on the earlier notion of team intentionality (see Structural Foundation),
reflecting a possibility for perspectival shifts, from the individual to the
collective. From this perspective, a selected agentive unit brings into
view a configuration of agentive units, tied together across grains within
a social ontology, from components to collectives. Figure 17 illustrates
one such ontological configuration within an operational environment,
where a collective (I') is composed of constituents (a, ), and each
constituent has components (C), tied to activities (A) connected by uni-
and bidirectional interdependencies (—, «»).

Operational environment

Collective I

/\

Constituent a Constituent 3

Cg C . Cn

5 b —0

Component I Tie @ Aectivity <4——— Unidirectional <————p Bidirectional

Figure 17. An agentive unit configuration within an operational environment.
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Examined from a command structure perspective, the agentive
units may be Command and Control as an encompassing collective, with
teams as constituents and their members as components. These are
configured through interdependent activities, where the output of one
feeds another. It is in such activity that intentionality and agency meet,
so without it no binding holds, whether between members or teams.
Activity is therefore the basis from which relations emerge across the
ontology, examined here along three aspects: agentive participation,
activity coupling, and configurational dynamics.

Agentive participation establishes how members take part in
the activities, distributing the intentionality and agency they hold. It
surfaces where their epistemic and conative states converge or diverge,
as the demand for alignment rises from independent through
interdependent to shared activities. For example, examining Figure 17,
the three forms differ in the alignment they demand. An independent
activity is held alone (disjoint, C1—Ai). Interdependent activities
complement one another across constituents (relative complement, C2—
Aii, C3—Aiii). A shared activity overlaps in a common region (joint, Cn—
An). Drawing on these distinct relations, a question may be whether
intentionality aligns to the degree each configuration demands. For
example, Paper II indicate a mix of participation types: relative
complement in their mission tasks, and joint in supervisory control over
the wingman task.

Activity coupling establishes how the output of one activity
becomes input to another, carrying the outcome its agency has realised.
From an intentionality perspective, this coupling may take non-
directional, unidirectional, bidirectional, or multidirectional forms,
determined by the agentive unit under analysis. Such forms are
illustrated in Figure 17, which indicates the directionality of outcomes
across activities. A disjoint activity is non-directional, its outcome
contributing to the team independently rather than to another activity
(Ai). A bidirectional interdependence is reciprocal, where two activities
contribute outcomes to each other within constituent a (Aii<Aiii). A
unidirectional interdependence is one way, where an activity in
constituent {3 contributes its outcome to one in a. It poses questions such
as which intentional processes feed one another, what outcomes are
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expected between them, and toward what shared end they converge. For
example, Paper III shows the pilot holding two responsibilities, air
reconnaissance and supervisory control, as separate processes, with
activity couplings across them being about and directed at a state of
affairs.

Configurational dynamics establishes how the agentive unit
maintains its viability over time, in accordance with its intentionality.
Operationally, this requires sufficient stability and adaptability of a
configuration through, for example, resistance, redundancy, or
reconfiguration in the operational environment. In Figure 17, for
example, the disjoint coupling (C1—Ai) requires adequate robustness to
changing demands, or, should that fail, the adaptability of constituent a
to reconfigure. Likewise, interdependent activities (C2—Aii, C3—Aiii)
require each constituent to hold its part, or the adaptability to
redistribute it across them. In contrast, the shared activity (intersection,
Cn—An) suggests existing redundancy, where the overlap allows either
constituent to sustain it. A question may be whether a configuration
allows sufficient adaptability to uphold its intentionality as the situation
changes. For example, Paper II shows such cases of team
reconfiguration, where the pilot and wingman are coupled into one
agentive unit by a transfer of control, or decoupled from it by link loss.

Together, the agentive unit sets whose intentionality and agency
are in view, not as a property of a standing entity but of a configuration
brought into focus for analytical purposes. Through participation,
coupling, and dynamics, its agency establishes and adapts the
configuration it exists within. Examining team intentionality thus starts
not with what counts as a team, but with the unit whose intentionality
and agency are in question.

Autonomy as Relations

Autonomy here refers to the relational condition of an agentive unit’s
self-sufficiency and self-directedness over its own agency in its coupling
with the environment and other agentive units (See Foundations in
Hybrid Teaming, Agency as Regulating, The Agentive Unit). Thereby, the
locus of the agentive unit under analysis determines its dependencies:

independent, dependent, or interdependent with the environment and
101



interfacing units. From this, the framework suggests autonomy may be
analysed as a degree of freedom: the set of choices connecting the unit’s
perceptions to actions in an examined situation. Such sets may be
represented as autonomy boundaries in matrices, as Figure 18 illustrates
for two members, a and 3, whether human or technology, of a unit I'.?
For each member (a and [3), the can and may boundaries delimit which
choices remain open for deciding, connecting the perceptions (P) and
actions (A) through which it is independent, dependent, or
interdependent. Synthesised, the boundaries summarise the
requirements and opportunities at some point open for I. The
representation affords analysis at two grains: locally, a single choice
under analysis, and globally, the full matrix as the complete span of the
situation examined. From the representation, three aspects become
analysable: open choices, boundary dynamics, and autonomy fit.

a can a may

Unit I’

Al A2 A3 Aq

[ can [} may

a/p =Opentoaorf

P = Perception D = Available choice (can or may) P 7 P [
. Sz af =Opentoaandf
A = Action . | = Unavailable choice (can not or may not) s i
RS a—pB = Open jointly (a may — [ can)

Figure 18. Autonomy boundaries for members a and 3, synthesised into unit I'.

2 See Modelling Intent Variation (Hammarbick, 2022). The figure extends the intent
matrix diagram to illustrate members’ can and may separately and their synthesis.
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Open choices concern the activities afforded to the agentive
unit’s deliberation, those choices it both can and may decide in joint
human-technology activity (See Agency as Regulating). In Figure 18,
each open (available) choice traces locally to who holds it: to one member
alone (a/B), marking its independence or relative complement; to both
(ap), marking a shared opportunity; or only jointly (a—f), marking an
dependence. Closed (unavailable) choices trace likewise to whether the
can, the may, or both are lacking, and for whom; a row closed across the
examined situation (P4) marks a situation without global autonomy for
the unit (I"). Following such tracing, questions arise as to whether and to
what degree autonomy exists, and at what agentive unit in hybrid
teaming. For example, Paper III showed how pilots, adapting to
Commander’s Intent, imposed plan boundaries on the wingman,
constraining it at the plan level while leaving the choices below open to
its own deciding.

Boundary dynamics concern when choices open and close,
changing who can and may perform what in the examined situation.
While Figure 18 presents the autonomy boundaries globally by
summarising local choices, these choices are also bound by time. The
framework posits that choices may stand open or closed throughout, or
open in windows while their can and may overlap, affording
requirements and opportunities for the constituent members (a, ) or
the unit (I') as a whole. Windows may further follow decisions, as one
member’s settling may open or close choices for another (a—f). One
question for analysis is thus when and how long each choice stands open,
in what order, and whether the openings mark a temporal independence,
dependence, or interdependence. For example, Paper III showed how
pilots held set criteria for data links, first adjusting activities as links
degraded and, only when adjustments no longer sufficed, transitioning
to deliberation over plans, criteria, and goals, exhausting choices
bottom-up across the levels of cognitive control.

Autonomy fit concerns whether the boundaries under analysis
hold, locally and globally, toward the world and across agentive units
(see The Situation as Framed, The Agentive Unit). Toward the world, fit
is the epistemic condition of the unit’s intentionality: the boundaries it
ascribes must be satisfied by the real state of affairs, as open choices may
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stand only in accurate perceptions (P). Such ascriptions may be
inaccurate from the first, or become so as boundaries move. Between
units, the demand for fit follows the traced forms: choices held by one
member alone (a/f) demand that those depending on them fit the
holder; shared choices (af3) demand that members fit one another on
who takes them; and jointly held choices (a—f3) that one member’s may
fit the other’s can. Closed choices matter likewise, as a choice presumed
unavailable may stand open, withholding the unit’s autonomy. The
framework thereby posits that incongruences may create false
alignments, where members act on boundaries that do not hold in hybrid
teaming. One question for analysis is thus how well the boundaries fit,
toward the world and between units, and how the fit holds as situations
unfold. For example, both Paper IV and Paper II showed pilots
presuming divergent boundaries: in Paper IV, from confidently held yet
inaccurate interpretations of the synthetic wingman’s state, and in Paper
I1, from framing the same link loss differently.

Across these aspects, autonomy is analysable through the choices
open to an agentive unit: which stand open and to whom, when they open
and close, and whether the boundaries presumed hold toward the world
and between units. Each shifts with the locus under analysis, as what a
member depends on another for, the encompassing unit may keep open
from within. Thus, from a team intentionality perspective, a team’s
autonomy is analytically distinct from its members’.

Intent as Commitment

Drawing on previous sections, intent may be understood as the conative
directedness of intentionality that coordinates and guides agency to
reduce the distance between what a state is believed to be and what it is
desired to be (see Conative Directedness, Agency as Regulating). Where
agency settles decisions in the moment, intent is the structure those
decisions form and persist within, from which agency continues to act.
To provide an ontological account of what intent is and how it can be
analysed, the framework adopts Paper I's definition and
operationalisation, expressed as:
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Definition: Intent is a structure comprised of choices
characterised by commitment, with the functional roles of
coordinating and guiding cognitive and physical activities
personally and socially.

Operationalisation: Intent is deliberated and connoted
choices connected by context—situation and means—end
reasoning within an intent space with six levels of cognitive
control.

For team intentionality, the definition and operationalisation point
to two dimensions: what intent is constituted of and how it functions in
joint human—technology activity. The constitutive dimension concerns
what intent comprises; the functional dimension concerns how it
operates. The following sections elaborate each in turn.

The Constitutive Dimension

The constitutive dimension concerns the building blocks of intent: the
choices it may comprise, the commitments that settle them, and the
temporal structure that arranges them. These are illustrated in Figure 19
and elaborated in the following.

Levels of
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Figure 19. An illustrative cross-temporal intent structure.
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Choice content is what an agentive unit considers within
situated intentionality and agency, presupposing the epistemic beliefs
and conative desires from which intent is formed (see Conative
Directedness). In the framework, it is not predefined but bounded by the
situation, where the intentionality strata constrain what becomes salient
and accessible for awareness (see The Strata of Intentionality, The
Situation as Framed). It may concern any aspect through which intent
feasibly becomes actionable. For example, Paper I and Paper II
suggested content across the six levels of cognitive control within an
intent space (see Figure 19). Across these levels, Paper III further
indicated that content may also concern agentic activities such as what
and when to perceive, choose, decide, and act (italics in the figure). As
such, choice content is specified across the levels and time, from the
ascribed situation through the ends and the means that transition toward
a desired state of affairs (see Conative Directedness). A question for
analysis may be what aspects of intent are or should be under
consideration, and whether the content of these is shared or
complementary between members in joint human—technology activity.
For example, Paper III found that new perceptions reshaped what was
under consideration as the situation evolved, including whether to act at
once or defer to later.

Conative commitment concerns those choices, among those
considered, that have been decided to establish the motivation and
orientation of intentionality. In this view, the psychological mode intend
fixes the choices considered, establishing the commitment
characteristics that make it distinct from other conative attitudes, such
as wants and desires. Further, a commitment may be deliberated in the
Foreground, or connoted by structural association within the Network
(see The Strata of Intentionality). In the framework, both deliberated
and connoted commitments are intended by default, though at a
resolution that further reasoning may refine. Paper I further suggests
that commitment carries a ‘strength,’ ranging from tentative to firm, and
conditions under which it may be revised or revoked (see Conative
Directedness). A question for analysis may be which choices are
committed, whether deliberated or connoted, how firmly, and under
what conditions they may change in joint human—technology activity.
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For example, Paper I1I suggests that demands such as time pressure, task
difficulty, and risk exposure may require prior commitments to be
revised or revoked to cope with ongoing demands.

Temporal structure concerns the organisation of commitments
that coordinate and guide mental and physical activities. Paper I and
Paper III suggest such structures may be full or partial, yet need to be
internally coherent and sufficiently complete to be actionable. Paper I
further suggests commitments are connected through context—situation
and means—end relations, making the reasoning between decisions
traceable (see Figure 19). Paper III extends these relations across past,
present, and projected episodes, where the temporal ordering of
commitments becomes a further dimension for analysis (time envelope
in Figure 19). A question for analysis may be how commitments are
organised across time and levels of cognitive control, whether this
organisation is coherent within and between members, and where partial
structures are reused or missing in joint human—technology activity. For
example, Paper III indicated that pilots drew on full or partial segments
of established intent structures to enact intent as the situation evolved,
rather than deliberating each anew in the present. Figure 19 illustrates
this, as the activities at lower levels of cognitive control specify
established intent after a trigger cue.

Together, these constitute intent as a structure: content under
consideration, settled by commitment, and arranged across levels and
time. What matters for analysis is less any single choice than whether the
three cohere, whether what is considered, what is committed, and how it
is organised hold together as an actionable whole, within a member and
between members in joint human—technology activity.

The Functional Dimension
Beyond its constitution, intent functions in two ways. Coordinating
concerns how commitments relate to one another, keeping the structure
coherent; guiding concerns how a commitment controls its enactment,
directing conduct. The following elaborates each.

Coordinating commitments here refers to the management of
intent interdependencies within and between participants in joint
human-technology activity. In the framework, the purpose of
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coordinating commitments is to keep intent coherent and actionable
within the agentive unit. As Paper I and Paper III suggest, a settled
commitment both anchors and constrains further reasoning (see
Conative Directedness). It anchors as stable input for continued
deliberation, whether as a full or partial intent structure. It constrains as
a filter, focusing the intent space to available choices while reducing the
need to reconsider what is already committed. The same decision
anchoring and choice admissibility holds between intent structures,
personally or socially: decisions anchored in one structure may filter
inadmissible choices in another. Figure 20 exemplifies decision (D) and
choice (C) pairings, D-D and D—C, by admissibility.

Decision—Decision pair | Decision—Choice pair

Admissible B

hold together; if partial, | choice admitted under
assembled incrementally ] the anchoring decision

Inadmissible B

one must be revoked choice filtered, or
to restore consistency i decision reconsidered

El Decision Choice o———e Admissible o—>(—e Inadmissible

Figure 20. Paired commitments by status and admissibility.

Each pairing either admits or demands resolution. An admissible
D-D pair holds together, and partial intent may be assembled
incrementally into a fuller structure. An admissible D—C pair lets the
prior commitment frame the choices admitted, an anchor for further
consideration and decision. Where it demands resolution, this follows
the pairing: an inadmissible D-D pair requires one to be revoked to
restore consistency or compatibility, while a D—C pair is asymmetric, the
choice filtered or the decision reconsidered. A question for analysis may
be where a human or technology holds commitments that are
inadmissible together, and whether their status leaves the conflict
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resolvable in joint activity. For example, Paper III found that pilots
coordinated commitments with the wingman in anticipation of
degrading data links, revising prior commitments to keep intent
admissible across the team as the situation changed.

Guiding conduct here refers to how intent becomes realised, as
deliberated and connoted commitments direct joint human—technology
activity (see Conative Directedness). Drawing on Paper I and Paper III,
the framework conceptualises intent not only as a temporal structure of
coordinated commitments, but also as a control structure that directs
mental and physical activities. Thus, whether a commitment is to
perceive, choose, decide, or act, each guide conduct toward its end.
Further, such guidance is suggested to be enabled by anticipation,
preparation, and recognition of a situation. From this, a commitment is
specified from coarse to finer-grained across the levels as the situation
nears, where recognition may trigger enactment in the world, as Figure
21 illustrates. It is here suggested that this may largely function by
nesting (see The Situation as Framed), whereby a commitment opens a
sub-situation carrying its own levels, within which the same context-
situation and means-end reasoning runs at finer grain.

Levels of
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Figure 21. Specification and enactment of a commitment over time.
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Drawing on the figure, guidance extends from prior- and future-
directed intent to present-directed intent-in-action, allowing
commitments to be distributed over time, from coarse anticipated
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situations to the specific object configurations. Further, recognising that
the anchored situation may trigger a transition to a performative state,
effectively shifting the conduct from a deliberation mode to a monitoring
mode, where the established commitments are enacted and adjusted.

Together, this distribution over time and the shift to monitoring let
intent be performed under constraints: its load falls across the horizon
rather than at the moment of action, which can relieve situational
demands in hybrid teaming. A question for analysis may be how the
tempo of shifting between deliberation and monitoring aligns between a
human and technology, whether they hold commitments at different
grains, and whether the shift runs one way or moves back and forth as
the situation unfolds. For example, Paper III found that pilots moved
between modes of reactive and proactive control: a recognised cue, such
as a data link disturbance, triggered established commitments
immediately into navigation and system adjustments, while longer-
horizon deliberation over plans and goals unfolded when these responses
no longer sufficed.

Across the two functions, intent is analysable as commitment held
in two senses at once: coordinating keeps it coherent as settled content,
guiding carries it into conduct as the situation arrives. Because the two
are orthogonal, joint activity may fail in either way: a coherent structure
left unenacted, or conduct running on commitments that never cohered.
Thus, from a team intentionality perspective, a breakdown is locatable as
one or the other, and the two call for different responses in hybrid
teaming: coherence restored among commitments, or timing restored
between deliberation and the moment that demands it.

Aligned Intentionality

In the framework, aligned intentionality concerns the sharedness among
team members and fit with the world. It is specified along the epistemic
and conative sides of intentionality, as awareness and intent, whereby
discrepancy in either affords a need for realignment (see The Situation
as Framed, Intent as Commitment, Agency as Regulating). Such
realignments, it is suggested, rest on perspectival shifts, as members
move between individual and team modes to uphold their ethos (see The
Hybrid Team, Structural Foundation). This shift is here conceived as
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members taking a bird’s-eye view, holding not only their own frame but
that of each teammate and of the team as a whole: the me, the you, and
the we (see Mindreading). Drawing on these notions, Figure 22
conceptualises this as an alignment plane with two orthogonal
dimensions: the sharedness among members (vertical) and the fit with
the world (horizontal). Placing a member’s awareness and intent within
it, where they stand and where they are heading, grounds the satisficing
alignment and positional trajectory that follow.

Sharedness
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Figure 22. The alignment plane: awareness and intent positioned by sharedness and
world-fit.

Satisficing alignment concerns the awareness and intent
required of members, in the sharedness and world-fit a given end calls
for. Drawing on the two dimensions, sharedness sets requirements and
offers  opportunities through independent, dependent, or
interdependent activities. In Figure 22, these largely correspond to the
modes, from the individual to the team, addressing the me, the you, and
the we. For example, comparing awareness (circle) and intent (square)
indicates where each is (empty) and where it should be (filled), signalling
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whether a perspectival shift is warranted. Similarly, world-fit may place
a different demand on awareness and intent, where satisficing may serve
better than reaching for the optimal. For example, using the figure,
members need to recognise the unsatisfied, whether awareness or intent,
to motivate realignment. If awareness (epistemic), it must be brought to
fit the state of affairs; if intent (conative), the state of affairs must be
brought to fit it (see Epistemic Aboutness, Conative Directedness). One
question for analysis is whether a member holds the mode the activity
warrants, and whether its world-fit is satisficed and any divergence
recognised. For example, Paper III indicates pilots may, working
independently, use a satisficing strategy holding stances of a me and a
you during link loss.

Positional trajectory places an agentive unit’s awareness and
intent within the plane and traces where each is heading, so the distance
to where they should stand, and whether the unit is closing it, become
analysable. From Figure 22, a member’s awareness and intent (square)
are marked at their present position, empty where unsatisfied and filled
at the satisfied target. A solid arrow projects where each is actually
heading; a dashed arrow marks the optimal path it should take and
where that path could reach. The figure here affords two analyses. Where
the solid departs from the dashed, the unit is not on its optimal path,
heading from where it should for alignment. Where the solid follows the
dashed yet falls short, the unit cannot presently arrive on its own (see
Autonomy as Relations). It poses questions such as whether a unit’s
projected course meets where it should hold, whether its optimal path
can reach at all, and where it cannot, what it takes to be the case. For
example, Paper IV found participants confidently holding wrong
interpretations of the wingman, suggesting their awareness could have
reached its proper position had support been sufficient.

Across these aspects, aligned intentionality is analysable through
awareness and intent placed within the plane: how far each stand from
where the situation asks, and whether the unit is on course to close it.
Where they are, where they should be, and where they can reach may all
be moving at once, the target shifting as the situation does. Thus, from a
team intentionality perspective, alignment is a standing achievement,
upheld as situations shift rather than secured once.
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The Analytical Account

The framing developed team intentionality through eight aspects, from
the hybrid team to aligned intentionality, each posing its own questions
for analysis. Together they are the framework’s answer to RQ1: the core
concepts and relations through which team intentionality becomes
analysable and communicable. The aspects form an account rather than
a checklist, their parts conditioning one another. The unit must be fixed
before its intentionality can be examined, its agency before what it may
do, its intent before how that intent aligns. None reduces to another, and
removing any one leaves a distinct question of analysis unasked. The
same running situation may be traced through all eight aspects: the pilot
and wingman on a reconnaissance mission, through degrading data links
and link loss. Each examines it from its own viewpoint, and the questions
for analysis converge on the one situation rather than dispersing. Even
so, other cases would serve as well; this single situation only makes the
aspects easier to see together.

Each aspect may also be understood as a place where a unit’s
awareness or intent can fail to hold: toward the world, where what it
takes to be the case departs from what is, or toward one another, where
what one holds departs from another’s. From this, such misfits become
locatable at a chosen unit: which awareness rests on what cannot be
verified, which choice is presumed open that is not, or which alignment
is assumed that does not hold. Thus, from a team intentionality
perspective, the account makes these misfits analysable before they
manifest in action, since a misfit may be held as confidently as a fit. What
the analysis locates, design may then work to reduce: the same misfits
traceable from here to the artefact released.

Realising Team Intentionality

Realising team intentionality concerns the practical means by which the
framing is brought into design, addressing how the framework's
concepts and relations can be used in the design of hybrid teaming
(RQ2). Where the previous section set out the concepts and relations
central to analysing the phenomenon, this one turns to using that
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account in design: first built into the models a designer works with, then
applied to examine what must be aligned between members. A
conceptual account aids design only once it can be operationalised in this
way, so that the misfit located in analysis remains traceable to the
artefact released. This section sets out these means in two moves:
building a toolkit, the models that carry the framing, and then putting it
to work, applying those models to what should be disclosed and clarified
between members. Across both, questions are posed using design
thinking (see Appendix), and a concluding synthesis draws the means
together.

Building a Toolkit

Building a toolkit shapes the models a designer works with, carrying the
framing’s aspects into the Analyse stage to locate what a design need to
support. It does so in three moves. It begins with establishing reference
points, the shared objects that hold the design process to a common
account. It then selects what to represent, reducing the phenomenon to
what a purpose requires, and builds and manipulates models, extending
representations to foreground aspects. A concluding note then draws
these together.

Establishing Reference Points

A reference point here functions similar to a boundary object that
supports shared understanding across participants in the design process,
taking the form of artefacts such as definitions and operationalisations,
methods, models, and instantiations (see Modelling Intentionality). The
framework posits that established reference points give the design
process a stable object to work against, so that what is recognised,
analysed, conceptualised, actualised, and finalised can be traced to the
same object. Figure 23 illustrates this through Paper IV: the definition
and operationalisation of intent seed the situated intent and intentional
process models, which converge on the intent transparency
operationalisation and model, informing both the HMI design and its
evaluation.
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Figure 23. Reference points traced across the papers, converging on the intent
transparency instantiation in Paper IV.

A similar tracing can be made through the approaches explored
across Papers I-III. Though differing in purpose and focus, they share
many aspects: the conceptualisation of intent, the levels of cognitive
control, and core elements such as choices and decisions. This shared
basis enables a coherent mapping between methods and models,
establishing reference points that keep translations and transformations
between them aligned. These reference points should therefore be
established as coherent and shared among participants when designing
hybrid teaming. One question for analysis is therefore which reference
points to establish, whether they are coherent, and how they are kept
aligned among participants as realisations translate and transform
across the design stages. For example, Paper IV drew on a single
operationalisation of intent transparency to inform both the HMI design
and the evaluation instrument, so that awareness was measured against
the same reference the design was built to support.

Selecting What to Represent
Selecting what to represent here concerns making explicit which aspects
of team intentionality a model carries, rather than leaving them
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implicitly assumed (see Modelling Intentionality). In the design process,
the complexity of joint human—technology activity may need reducing to
make a model useful, focusing on what matters from the questions the
framework may pose (see Appendix). Given this plurality, a design may
draw on several complementary but related representations. Across the
papers, the Joint Control Framework has been the cornerstone from
which adaptations were made to represent intentional states (Papers I—
II) and processes (Paper III), sharing a basis while providing
complementary views. For example, both share the levels of cognitive
control and the choices considered and decisions made; however, each
affords a different analysis. Figure 24 illustrates this: the situated
structure holds the paths taken (decisions) and not taken (choices),
breaking where a branch cannot hold; the intentional process takes the
decided path and decomposes it into activity points over time.
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Figure 24. The situated intent model and intentional process model as complementary
representations.

Thus, the framework does not rest on one representation but may
combine complementary model types, each exposing a different aspect
of intentionality. Different purposes may therefore warrant different
representations, while sharing reference points to stay coherent. One
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question for analysis is therefore which aspects to represent, under
which analysis, and how the representations may stay connected through
shared reference points. For example, Paper III represented intent as a
deliberative process, addressing the static view of the situated intent
model in Papers I-II. In doing so, it also recognised that its own
representation, by the method selected, foregrounds certain aspects of
intentional states while omitting others, pointing to complementary
representations for what it cannot hold.

Building and Manipulating Models

As established, modelling team intentionality is not the pursuit of a
single complete model but a plural activity, where a model is iteratively
built and manipulated, each manipulation affording a different means of
learning from it (see Modelling Intentionality). Building and
manipulating models is, in this sense, how the implicit is made explicit,
and an object of study is foregrounded. As Table 6 indicates, designers
may need to foreground several aspects.

Table 6. Aspects of team intentionality a model may represent.

Aspect Representational content

Collective Dbeliefs, goals, values, norms, standards,

Ethos i .

traditions, practices.
Team Structures and configuration; degree of teamness.

Skills, abilities, preferences, dispositions; roles and
Members ’ P P ’

responsibilities.
Environment  Conditions and constraints; systems and equipment.

Processes, strategies, = procedures,  contingencies;
Task interdependencies; interaction modes; the perceiving,
choosing, deciding, and acting through which it unfolds.

The agentive unit and its relations; what it can and may do;

Autonom, .

Y the choices these leave open or closed.
Intentional What is believed, desired, and intended; awareness and
states intent; alignment against conditions of satisfaction.
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Drawing on Human Factors methods, as noted, there are several
avenues for representing such aspects, such as causal cognitive maps of
beliefs, task diagrams of goals and plans, or hierarchical graphs of goals
and subgoals, with or without adaptation (see Representation). Such
manipulation is not tied to any one approach. One question for analysis
is therefore which method can represent the selected aspects, and
whether they serve as they are or require adaptation to foreground what
a design needs. As the framework is grounded in the methods applied
across Papers I-IV, these serve here to demonstrate how a
representation can be manipulated to foreground other aspects: first,
decomposing situated intent models to foreground belief and desire;
second, relating intentional process models to foreground dependencies
between activities.

Decomposing situated intent models separates an intent into
the belief and desire it rests on. It draws on the conception of intent as a
belief paired with a desire, held with a strength understood as the
willingness to exert effort at the threshold (see Conative Directedness).
Figure 25 illustrates this, with strength shown by border weight. For
example, what is believed may draw on epistemic states such as
knowledge or assumptions; what is desired on likes and needs. From
this, the framework suggests that rooting an intent in what it rests on
may locate why it holds or fails: a belief not matched to the situation, a
desire without a believed means, or a commitment held by necessity
rather than desirability. In this manner, what a model of intent leaves
implicit, its formation and strength, may be made available to design.

Le""'c‘(’)';“l"r’gl"i“"” Believed Intended Desired

Frames B C
Effects ‘/@\

gy i
5
Implementations
[D] Decision Choice \ Means—endrelation HEN E] Strength (low, medium, high)

Figure 25. A situated intent model decomposed into belief and desire.
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Relating intentional process models connects the couplings
between members’ score episode diagrams to expose their autonomy. It
draws on activity coupling, where a process’s outcome may feed another,
and on autonomy as the complement of dependence. Figure 26
illustrates this, showing couplings within a process, unidirectional
between processes, and bidirectional between them. For example, a
coupling may be read as independent where processes proceed alone,
dependent where one feeds another, or interdependent where each feeds
the other. From this, the framework suggests that relating scores episode
diagrams may locate where a process’s autonomy is bounded by another:
a reliance on an outcome not yet produced, or a reciprocal coupling that
neither can settle alone. In this manner, what a single process leaves
implicit, how one process’s autonomy depends on another over time,
may be made available to design.
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Figure 26. Relations within and between intentional process models.

Beyond these, the framework's own illustrations offer further
representational examples: the interaction models illustrating teamness
requirements (Figure 12); the framed situation as believed and real
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(Figure 14); the intent matrix as autonomy boundaries (Figure 18); and
the alignment plane as a means to trace epistemic and conative states
(Figure 22). Each offers an example representational form that may
support analysis and communication, even where no paper applied it as
such.

Together, such tools help realise team intentionality. Reference
points hold the design process to a shared object, so realisations translate
and transform without losing it. Selecting what to represent reduces the
phenomenon to what a purpose requires, drawing on several
representations that stay connected through that shared basis. Building
and manipulating extends those representations to foreground aspects
they were not built for, from the belief and desire beneath an intent to
the autonomy between processes. From this, the framework suggests
that representing team intentionality is not the pursuit of one complete
model, but the coherent use and extension of several. What differs across
them is therefore not the phenomenon but what each is made to
foreground, and what a design must connect between them.

Identifying What to Convey

Identifying what to convey puts the toolkit to work, examining what
intentional content is, can, or should be aligned between members.
Elements may be disclosed to make activity interpretable, and clarified
through their relations to make it understandable (see Transparency and
Explainability). The two are ordered: what is clarified must first be
disclosed, though what is disclosed need not be clarified. Drawing on the
operationalisation of intent (Paper I), its extension to intent
transparency (Paper IV), and the activity points (Paper III), the
framework generalises to analyse transparency and explainability in
three moves, each cutting differently at one question, what to disclose
and clarify between members. Sharing intent structures uses score
episode diagrams; aligning situations and intent uses situated intent
models; bounding what is open uses intent matrices. This chiefly informs
the Conceptualise stage, where a design's content is shaped by what
members must convey to align their intentionality.
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Sharing Intent Structures

Intentional process models here utilise score episode diagrams to
position a member’s elements across levels and time. Figure 27
illustrates such a structure, one a member may hold, and another may
need to interpret and understand. From it, three operations follow:
tracing questions to answers, positioning elements in time, and making
structures available.
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Figure 27. Tracing explanatory questions within an intent structure (illustrative).

Tracing questions to answers locates elements and follows
them to other elements by their relations. It draws on Paper I, suggesting
that relations provide explanatory power, and Paper III, suggesting that
integrating activities across levels and time is necessary for convergence
at a decision point within an intent structure. From this, the framework
suggests that such structures may support both positions: disclosure,
where a question is answered by content disclosed at the point itself, and
clarification, where it is answered by content disclosed at a further point
traced from it. For example, in Figure 27, one member may hold the
structure that another needs to interpret and understand. To this end,
Table 7 exemplifies eleven questions the interpreting member may pose,
of which the first five are answered by disclosing content and the
remainder by clarifying content.
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Table 7. Questions for tracing disclosure and clarification within an intent structure.

Question Meaning

1. What? The intentional content committed

2. Who? The member holding the commitment

3. Who for? The member needing to interpret and understand it
4. When? The time it applies, and the duration it holds

5. How firm? The strength with which the commitment is held
6. Why? The motivation, as reasons or causes
7. How come? What the commitment followed from

8. What for? The end it is directed toward

9. How to? The means through which the end is met
10. Why not? The alternatives held open when it was settled
11. What if? What would follow were conditions otherwise

Drawing on such questions, participants across Papers I to IV faced
hypothetical situations where they arise. Encountering an aircraft during
a link loss episode, a pilot may ask who it is, what it is committed to, why
it is committed to that, and how to resolve the event. Others may be left
unposed. One matter for analysis is therefore which elements are, can,
or should be disclosed and clarified, whether as a single element or a
joined segment, as the selection may help align team intentionality
through transparency and explainability.

Positioning elements in time places them as past, present, or
projected in joint human—technology activity. It builds on transparency
and explainability as means of proactive preparation and reactive repair,
through which members disclose elements about themselves as
situations change (see Transparency and Explainability). Paper III
illustrates this after link loss, where reconnection synchronised
information, from which pilots filled gaps in the frame with what had
occurred and elaborated it with what needed doing next. From this, the
framework suggests that where an element sits in time shapes what its
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disclosure may support. A past element may support repair, a present
one adaptation, and a projected one preparation. In this manner, the
centre of investigation may be moved to any of these positions, and since
each carries its own elements and relations, the same questions return
different answers from each. One concern for analysis is therefore where
the centre is placed, since it determines what repair and preparation may
draw on to align team intentionality.

Making structures available presents a member’s intent
structure to another, so that it may be interpreted and understood when
disclosure and clarification are impractical or impossible. It draws on
Paper IV, suggesting that transparency shifts from a problem of
information transfer to one of interpretation under link loss, and Paper
ITI, suggesting that communicated commitments and established intent
structures provide the basis for interpreting another member. From this,
the framework suggests that representations and simulations of a
member’s intent structure may stand available across the team. In that
manner, below the divide between mind and world, a member is
observable in its own right; above it, only what has been made available.
Interpretations so formed are provisional, and may require correction
once conveying resumes. For example, Paper IV represented the
wingman’s plans, goals, and activities, and projected its likely position,
against which pilots interpreted what they observed. The added cues
sped interpretation yet raised errors and left confidence intact. One
question for analysis is therefore which elements should stand available
in advance, and how they are reconciled with observation, which may
mislead.

Together, the same intent structure in score episode diagrams
affords three analyses. Traced through its relations, it reveals answers to
questions about a commitment, some at the point itself and others at
further points reached from it. Analysed by position, it reveals what a
disclosure may support, whether repair of what has passed or
preparation for what is ahead. Standing available, it reveals what a
member holds without being asked. What differs is therefore not the
structure but what is selected from it. Paper IV proposed such selection
as adaptive transparency, providing what is conveyed, when, and how
according to situational needs rather than exposing the structure in full.
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Aligning Situation and Intent

Situated intent models here nest members’ intent structures under a
shared team frame. Figure 28 illustrates this for a unit I with constitutive
members a and . From it, two analyses follow: relating members’
situations under the shared frame, and comparing their structures where
commitments meet.
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Figure 28. Two members’ intent structures under a shared team frame.
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Relating members’ situations here nests members’ frames
under a shared team frame to locate what must be disclosed and clarified
for another to interpret its situation. It draws on Papers I to III,
suggesting situations-of-situations, and posits that individual and team
frames may be used for perspectival shifts between the me, the you, and
the we (see The Situation as Framed, Aligned Intentionality). Figure 28
illustrates this: a team frame (parent) relating to members’ individual
frames (children). The team frame marks what members hold in
common. The connection between their individual frames marks where
awareness is shared. From this, the framework suggests that locating the
parent and child frames by their relations sets the grain at which they
align, so members may disclose and clarify at the level the situation
requires. In this manner, independent, dependent, and interdependent
activities may call for individual, shared, or team awareness, each
requiring a different perspectival shift. For example, Paper IV indicated
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participants operating under the mission frame, assuming the wingman
did so too, using their own framing to understand the wingman’s
situation and intent. One question for analysis is therefore at what grain
each member places the other’s situation under the shared team frame,
whether a perspectival shift is warranted to reach that grain, and what
must be disclosed and clarified to achieve it.

Comparing intent structures allows tracing members’
reasoning in joint human-technology activity. It draws on Paper I,
suggesting that analysis of situated intent models can identify decisions
inconsistent in fact and conflicting in effect. Choices, likewise, may be
unused in fact and underutilised in effect. From this, the framework
suggests that comparing structures and tracing their decisions and
choices pairs them as admissible or inadmissible, within and between
members (see The Functional Dimension). Figure 28 illustrates this.
Between members, inadmissible pairings from the generic level down
mark the origin of divergence, what must be disclosed, and which
member holds the choices open to resolve it (), clarified as how to
realign. Within a member, an inadmissible pairing (a at physical) calls
for disclosure only where it traces up to the team level. For example,
Paper III found a pilot replanning at the team level, accounting for both
members, once local adjustments no longer met what the situation
required. One question for analysis is therefore what must be disclosed
and clarified to realign: what the origin is and who holds it, why it
diverged, and how to resolve it through the choices left open.

Together, situated intent models here afford two analyses. The
grain at which members situate one another sets what a member must
convey to be interpreted. Where their commitments fail to admit one
another marks where realignment must reach, and who holds the means.
From this, the framework suggests that a member’s structure cannot be
read from the situation alone, but must be conveyed and its frame located
against another’s. Paper IV proposed such conveyance as ensuring

revisability, keeping interpretations open as situations and framings
shift.
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Bounding What Is Open

Autonomy boundary models here utilise intent matrices to connect
choices and decisions to perceptions and actions (see Autonomy as
Relations). Figure 29 illustrates this for members a and , and their
synthesis as a unit I'. From it, three operations follow: contrasting
decisions with open choices, matching boundaries, and locating what a
decision requires of another.
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Figure 29. Autonomy boundary models for members a and B, synthesised into unit I'.

Contrasting decisions with open choices places a settled
choice against those that stood open around it. It draws on the
framework’s conceptualisation of autonomy, where what a member can
and may do bounds its deliberation, and on agency, where deciding
settles among alternatives found (see Autonomy as Relations, Agency as
Regulating). Figure 29 illustrates this for unit I', where member a and 3
have each settled one choice among those open to them. Locally, a settled
decision stands against the cells open around it, answering why not those
instead. Globally, the cells open under other perceptions show what
would stand open had the situation been ascribed otherwise. Both may
be clarified by the members’ boundaries, showing whether the can, the
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may, or both were lacking where a cell stood closed. For example, Paper
IV found participants holding several hypotheses about the wingman in
parallel, seeking a match between entity, activity, plan, and goal. From
this, the framework suggests that disclosing the decision alone leaves
hidden the choices it was settled against — the open cells that answer
why not those. One question for analysis is therefore which alternatives
must accompany a disclosed decision, and when a closure requires
clarifying by the can or by the may.

Matching boundaries asks whether the can and may a member
ascribes correspond to the actual state of affairs. It draws on situations
as framed and autonomy (see The Situation as Framed, Autonomy as
Relations). In Figure 29, members may draw on boundaries that do not
align with the world or between themselves, leaving them to act on false
premises. For example, a and f may ascribe a cause or reason differently,
affording different sets of open choices in unit I (e.g., a at P1A1—A2, [ at
P3A3 alone). Inconsistent or conflicting decisions and actions may then
follow. In this manner, each ascription stands as a condition under which
one set of choices is open, and another closed. From this, the framework
suggests that choices and decisions may be varied as what-if, locally at a
cell and globally across a perception or an action, to test what would
stand open were a condition otherwise. For example, Paper IV found
participants evaluating competing hypotheses against the unfolding
situation, testing which ascription of entity, plan, and goal fit what was
the case. One question for analysis is therefore which boundaries must
be matched between members and against the world, and which must be
left to what if where matching is not possible.

Locating what a decision requires of another places a
settled choice against the type of cell it occupies. It draws on the agentive
unit, where dependence holds in three values by direction (see The
Agentive Unit). Figure 29 illustrates this, where each type follows from
how the can and may compose across members. Where a choice stands
open to one member alone (a/f), the holdings are disjoint, suggesting
independence. Where it stands open to both (af}), they intersect,
suggesting a shared opportunity. Where it stands open only jointly
(a—p), one member’s may meet the other’s can; the holding is one-way,
suggesting a dependence. From this, the framework suggests that the
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situation under analysis may require one member’s decision, or a
combination of decisions across unit I'. Following a decision, what
members can and may do might change, thereby opening and closing
choices for the unit. For example, Paper III found pilots first adjusting
navigation and systems alone as data links degraded, and only when
these no longer sufficed, replanning across the team. Such replanning
leaves the wingman’s earlier boundaries no longer current. One question
for analysis is therefore which decisions change what another can and
may do, and which of these merit disclosure and clarification.

Together, intent matrices here afford three analyses. Contrasted
with the choices around it, a decision reveals the alternatives declined
when it was settled. Matched against the state of affairs, it reveals where
the boundaries drawn on misfit what is the case, leaving members to act
on false premises. Located by the cell it occupies, it reveals how the
choice is held between members, and what settling it changes for them.
From this, the framework suggests that no member holds the matrix
alone, since the synthesis stands only once each has disclosed its can and
may. What differs is therefore not what a member is capable of doing,
but the unit’s ability to verify the boundaries under which it acts. Paper
IV proposed such verification as the comparison of parallel hypotheses,
evaluating competing interpretations rather than committing to one.

The Design Account
Realising set out how the framing is put to use, in two moves. A toolkit
builds the models that carry team intentionality into the Analyse stage,
foregrounding what a design must support; identifying what to convey
then reads those models for the Conceptualise stage, locating what
members must disclose and clarify to align. Together they answer RQ2:
the framework's concepts and relations become not only describable but
workable, a means to represent team intentionality in a design situation
and trace what it requires. Where the framing made the phenomenon
analysable, the realising seek to makes it operable in the design process.
Beneath these models sit shared reference points: whichever
aspect a model foregrounds, it is built from the same operationalisation
of intent and the same levels of cognitive control, so several
representations trace to one account rather than many. In this sense,
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what differs across them is not the phenomenon they carry but what each
is made to foreground, and what is selected to convey from it. Even so,
other representations would serve, provided they share those reference
points; the coherence lies in the basis, not in any one model.

The second move turns on this: a member's awareness and intent
cannot be read from the situation alone, so what is believed, committed,
or held open must be disclosed to be interpretable, and clarified through
its relations to be understandable. Thus, from a team intentionality
perspective, what the analysis locates, design may then convey and carry
into the artefact, so that the misfit recognised at the outset is reduced in
what is released.

The Case of Manned—Unmanned Teaming

With the purpose of supporting the design of future joint human-—
technology activity, Manned—Unmanned Teaming is the case in focus, a
locus characterised as both an envisioned world problem and a wicked
one. Manned—Unmanned Teaming has been studied for almost three
decades (see Manned—Unmanned Teaming), and remains largely
envisioned. Its realisation places demands on workload, awareness, and
trust, among others. Understanding and sharing intent was proposed to
help meet these, placing aligned intentionality at the centre of the
teaming. With the framework now at hand, two questions follow: where
the design of Manned—Unmanned Teaming stands, and where it goes
from here.

Setting the agentive unit for the joint human-technology activity
in view poses the question of how much teamness the configuration
requires (see The Agentive Unit, The Hybrid Team). This makes explicit
whether the unmanned aircraft is designed as an tool or a teammate,
rather than leaving it an assumption. Presently, the unmanned aircraft
is envisioned as something between: a collaborator under supervision
executing its delegated tasks autonomously within a bounded solution
space in the command chain (see The Operational Domain). Whilst
hybrid teaming research often promotes perceiving the technology as a
teammate, there is merit in asking whether it warrants that status here,
where the command chain holds and the pilot retains oversight and
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command. Full teammate status is thus questionable: the aircraft acts
within delegated authority, not as an equal or true replacement.

Even where the unmanned aircraft is not a full teammate,
understanding and sharing intent remains relevant: in the framework's
terms, the alignment of awareness and intent the team depends on.
Achieving that alignment, as the framework presents it, is where several
challenges remain across the human, the technology, and their relation.
Among these challenges is developing the repertoire and underlying
models on which team intentionality rests (see The Strata of
Intentionality). For the pilot, it requires making the unmanned aircraft
interpretable and understandable, through mechanisms such as
communication and socialisation (see Representational Foundations).
Transparency and explainability, noted earlier to share much with team
intentionality (see Transparency and Explainability), offer another
avenue: the framework sets out means to support the interpretability and
understandability of the unmanned aircraft (see Identifying What to
Convey). For the technology, relying on these mechanisms is harder.
Mindreading is a naturally evolved human capacity (see Mindreading),
whereas its artificial counterpart remains in its infancy. It must instead
be implemented as models, where the difficulty lies in making explicit
what for humans often remains implicit. As a case in point, the ethos (the
goals, values, norms, and standards) is likely among the hardest to fully
capture and implement. Nevertheless, whether the design supports the
pilot through the interface or equips the unmanned aircraft to
comprehend pilot intent, the modelling remains the key point, and the
toolkit offers a starting point (see Building a Toolkit).

These two threads meet at one point. What the unmanned aircraft
is, and what aligning intentionality demands of it, both turn on the same
thing: how far the envisioned teamness can be built. The framework does
not settle that, but it makes the gap examinable, locating what a given
configuration would require against what can presently be modelled and
realised. Closing that gap need not be all or nothing. It may proceed in
increments, each configuration supporting a little more of the teamness
sought, from control toward the collaboration envisioned.
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Limitations and Future Work

Three limitations follow from the delimitations set at the outset (see
Scope and Delimitations), with a fourth in how far the framework has
been taken. The concepts and relations are a bounded selection from a
broad and interdisciplinary field. In line with its aim, these are those
central to analysing and designing for team intentionality, not an
exhaustive account, and a different selection could yield a different
framework. Future work may extend the selection with concepts and
relations from adjacent fields, or refine those included where design use
shows them insufficient. The studied case is drawn from Manned—
Unmanned Teaming alone, and whether the account holds beyond this
setting has not been shown across domains. It was developed within the
applied setting of this research, a salient and representative instance of
hybrid teaming. Future work may apply the framework through cases in
other forms of hybrid teaming, testing whether its concepts and relations
hold as the domain shifts. The intent modelled in the papers is
envisioned rather than observed in action, since the teaming does not yet
exist operationally and it was accessible only as espoused. The accounts
were elicited from experienced domain experts, though what is espoused
need not match what is enacted. Future work may study the
intentionality in more realistic settings, such as simulation or human-in-
the-loop trials, to verify whether the account holds closer to enactment.
The framework was also developed here rather than applied in
practice. Its parts are argued and illustrated through the papers, in
constructed settings, rather than demonstrated in the field (see
Framework Development). Future work may apply the framework in real
design projects, where its value can be shown in use rather than argued.
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Conclusion

‘Do you understand me?’ The thesis began with an old question, and an
observation: for millennia it passed only between people, intent flowing
in one direction, from the maker into the made. As technology is
envisioned not as an tool but as a teammate, the question comes to pass
both ways. Its purpose was to support the design of future joint human-—
technology activity in operational settings, a long-term end no single
thesis settles. Toward it, the aim was to develop a framework of team
intentionality, one that establishes central aspects and provides guidance
for their use across the design process. That aim is met: the framework
has been developed and grounded in the studies reported across the four
papers, framing what team intentionality consists of and how it may be
designed for. What it offers the purpose of this thesis is a means, not a
settlement; its guidance is argued and illustrated here, with its value in
use awaiting confirmation in the field.

The framework answers two questions. To the first, it offers the
analytical account: eight aspects that make team intentionality
analysable and communicable. Their force is cumulative rather than
separate. Each foregrounds a different thing an analyst weighs — whose
intentionality is in view, what bounds its choices, how these hold across
time, and whether they align with the world and with one another, so
that together they bring a single configuration into focus. Because the
unit in view is chosen rather than fixed, the account is not tied to
Manned—-Unmanned Teaming but extends to other human—technology
configurations. In it, team intentionality is introduced as a construct in
its own right, synthesised from team science and intentionality research,
offering a shared vocabulary where the field held fragments.

To the second question, how these concepts and relations may be
used in the design of hybrid teaming, it offers the design account: two
moves, establishing a toolkit and identifying what to convey. Together
they put the framing to work across the design process, as an analytical
and evaluative lens on design situations. The account also contributes
methodologically: the human-centric methods by which the models are
built and analysed, and the operationalisation of intent they carry.
Beneath the models sit shared reference points, that operationalisation
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and the levels of cognitive control, so that many representations trace to
one account rather than many. Put to use, this gives design teams a way
to locate misfits at a chosen unit before they manifest in action, and
evaluators a way to trace each representation back to that shared
account. Thus the framework does not add another model to the field so
much as a basis on which its models, and those who design and evaluate
with them, may cohere.

Across both accounts runs a single thread: misfit, located, then
reduced. The analysis makes misfits locatable at a chosen unit before
they surface in action; design then works to close them, traceable to the
artefact released. Read this way, team intentionality is never secured
once and kept. It is held in place as situations shift, and the framework’s
work is to make it examinable before it is built for.

The framework also turns back on the question that motivated it.
The field takes as its premise that technology is no longer a tool but a
teammate. That is not presumed here. Faced with a misfit, the
framework lets one ask what the situation actually needs: a teammate,
which may still fail to understand; a tool, which may lack the reach the
work demands; or neither, a change in how the work itself is organised.
Take Manned—Unmanned Teaming as the case: is the unmanned aircraft
a wingman, an asset under control, or something between? From this
position, team intentionality may be read through the degree of teamness
a configuration calls for, at times peer-like, at times closer to control.
Both have their place, and the analytical question is when one gives way
to the other. However, whichever it is, peer-like or control, one demand
does not change: what a member holds must still be made available to be
understood. That need for conveyance is what endures across every
configuration, and it is what the framework is for.
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Appendix

This appendix collects the questions posed across the framework. Those
from the framing (Table 8) concern what team intentionality consists of;
those from the realising (Table 9) concern how it may be supported
across the design process.

Table 8. Questions for analysis from the framing of team intentionality.

Concept Aspect Question for analysis

Who is recognised as a member, and whether

Membershi e .
p that recognition is reciprocal.

What ethos can be derived, and whether it is

Boundaries .
aligned across members.

What intent members hold, and whether it

Purpose . .
P remains aligned.

Who is responsible for what, and whether
Accountability accountability is held individually, jointly, or
collectively.

The hybrid team

What requirements and opportunities may

Interdependence . . .
p arise, and how they are organised over time.

What the activity demands of each, and whether
the total mode configuration meets those
demands.

Teamness and
modes

What members can do individually, jointly, and
Background collectively, how these configure in a situation,
and what intentional states may then emerge.

Which nodes shape a salient state, and why it

Network .
etwor takes the form it does.

What aspects of situation and intent are
surfaced, what conditions must hold for the

Foreground situation to be recognised and the intent
achieved, and whether members surface the
same.

The strata
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The situation as framed

Agency

The agentive

.

mmit

Mechanisms

Orienting

Situating

Nesting

The loop

Perceive

Choose

Decide

Act

Distance

Agentive
participation

Activity coupling

What can be surfaced and communicated, what
can only be developed through socialisation
over time, and what remains implicit.

What purposes make what frames available,
which are adopted, and how this shapes the
framing of both the situation and a teammate
within it.

What sources are fitted to each slot, how far
these can be trusted, and how closely they

match the actual state when sources fail or
content cannot be obtained.

Which situations are salient within a context, at
what granularity, how they shape one another,
and how a member moves between them over
time.

How the loop operates in a situation, and which
activities surface, recur, or remain latent.

How perceiving builds awareness, and how this
bounds the choices a member can consider.

What conditions an alternative must satisfy to

be considered, and what further conditions to
be decided.

What conditions prompt a decision, and what
conditions prompt its reconsideration.

Whether the performance can be carried out
and an outcome produced, and whether they
meet the conditions of satisfaction set for it.

Where the distance between what is and what is
desired surfaces, and how the loop responds.

Whether intentionality aligns to the degree each
configuration demands.

Which intentional processes feed one another,
what outcomes are expected between them, and
toward what shared end they converge.
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Autonomy boundaries

Intent

Aligne

Configurational
dynamics

Open choices

Boundary
dynamics

Autonomy fit

Choice content

Conative
commitment

Temporal
structure

Coordinating

commitments

Guiding conduct

Satisficing
alignment

Whether a configuration allows sufficient
adaptability to uphold its intentionality as the
situation changes.

Whether and to what degree autonomy exists,
and at what agentive unit.

When and how long each choice stands open, in
what order, and whether the openings mark a
temporal independence, dependence, or
interdependence.

How well the boundaries fit, toward the world
and between units, and how the fit holds as
situations unfold.

What aspects of intent are or should be under
consideration, and whether their content is
shared or complementary between members.

Which choices are committed, whether
deliberated or connoted, how firmly, and under
what conditions they may change.

How commitments are organised across time
and levels of cognitive control, whether this is
coherent within and between members, and
where partial structures are reused or missing.

Where a member holds commitments that are
inadmissible together, and whether their status
leaves the conflict resolvable.

How the tempo of shifting between deliberation
and monitoring aligns between members,
whether they hold commitments at different
grains, and whether the shift runs one way or
moves back and forth.

Whether a member holds the mode the activity
warrants, and whether its world-fit is satisficed
and any divergence recognised.
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Positional
trajectory

Whether a unit’s projected course meets where
it should hold, whether its optimal path can
reach at all, and where it cannot, what it takes
to be the case.

Table 9. Questions for analysis from the realising of team intentionality.

Concept Aspect

Establishing a toolkit

Identifying what to convey

Establishing
reference points

Selecting what to
represent

Building and
manipulating
models

Sharing intent
structures

Making structures
available

B

Relating members
situations

Comparing intent
structures

Contrasting
decisions with open
choices

Question for design

Which reference points to establish, whether
they are coherent, and how they are kept aligned
among participants as realisations translate and
transform across the design stages.

Which aspects to represent, under which
analysis, and how the representations may stay
connected through shared reference points.

Which approaches can represent the selected aspects,
and whether they serve as they are or require
adaptation to foreground what a design needs.

Which elements are, can, or should be disclosed
and clarified, whether as a single element or a
joined segment.

Which elements should stand available in advance,
and how they are reconciled with observation, which
may mislead.

At what grain each member places the other’s
situation under the shared team frame, whether a
perspectival shift is warranted to reach that grain, and
what must be disclosed and clarified to achieve it.

What must be disclosed and clarified to realign: what
the origin is and who holds it, why it diverged, and
how to resolve it through the choices left open.

Which alternatives must accompany a disclosed
decision, and when a closure requires clarifying by
can or by may.
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Matching
boundaries

Locating what a
decision requires of
another

Which boundaries must be matched between
members and against the world, and which must be
left to what if where matching is not possible.

Which decisions change what another can and may
do, and which of these merit disclosure and
clarification.
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