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ABSTRACT

Understanding intentionality is a necessary feature of joint
activities involving interdependent agents. This challenge
has increased alongside the deployment of autonomous
systems that are to some degree unsupervised. This research
aims to reduce the number of intentionality recognition
breakdowns between people and autonomous systems by
designing systems to support the awareness of information
cues used in those decisions. The paper outlines theoretical
foundations for this approach using simulation theory and
process models of intention. The notion of breakdowns is
then applied to mistaken intentions in a diary study to gain
insight into the phenomena.
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1. INTRODUCTION

The application and growth of increasingly independent and
autonomous systems (AS) working with and alongside
people is leading to the development of an ‘awareness gap.’
Klein, Woods, Bradshaw, Hoffman and Feltovich state “to
be a team player, an agent—like a human—has to be
reasonably predictable, and has to have a reasonable ability
to predict the actions of others.... currently, however, the
‘intelligence’ and autonomy of agents directly works
against the confidence that people have in their
predictability” [14]. People make decisions about future
actions, in part, according to their observations of other
actors (human or machine). This decision process is made
increasingly problematic because these systems are
currently not designed to aid awareness or understanding by
others of the purpose of their actions. Researchers have
noted that actors working jointly coordinate and integrate
tasks seamlessly in collocated environments [11]. Such
recognition, understanding and prediction of future states,
events, and outcomes have been described as awareness
that enhances a mutual understanding of the changing
situation. Awareness has been a term used elastically to
describe different processes of gaining understanding.
Peripheral awareness [8], context awareness [16], situation

awareness [5] and workspace awareness [9] are some of the
research threads identified where people benefit from
obtaining information about their environment. Endsley’s
definition of awareness is, “knowing what is going on” [5]
in the sense of understanding why an event is occurring e.g.
its purpose.

Unlike approaches that seek to understand how awareness
of the current and past states of a scenario can be delivered
and supported [15], the research presented in this paper
seeks to understand how future predictions of other actors
are made and how such predictions might be aided and
enhanced. This will benefit instances where actors (human
or machine) must interact to achieve a desired outcome.

2. AWARENESS AND AUTONOMOUS SYSTEMS

There are situations when people do or will need to work
jointly with AS. AS are already being deployed in various
contexts such as maritime, aerospace, medical healthcare
and industrial [22]. In this research AS are systems that
“make and execute a decision to achieve a goal without full,
direct human control” [2].

The task of maintaining control over a system that decides
its own actions can be a difficult one. The main benefit of
an AS is that it provides an additional effort and capability
for certain activities. Supervisory approaches to Human-AS
interaction try to mitigate the human awareness of the AS
intended actions problem by constraining AS behaviour.
This method requires AS to operate according to a
predefined plan library that is deterministic and restricts
possible actions [17]. It demands detailed knowledge and
analysis of the plans, procedures and actions needed to
complete known and envisioned tasks. This is compounded
by the fact that often the future situations of operation are
dynamic and unpredictable. Consequently it can be difficult
to make AS activity adaptive and flexible and devolve
much decision-making and problem solving to the AS.
When different models of Human-AS control are used that
allow the AS to have greater flexibility in planning and
choosing its own actions, problem solving and decision-
making, then the problem of predictability by the human of
what the AS will do next or why it is doing it is increased.
This presents challenges for human-AS interaction design.



One avenue in which to pursue this problem is to
understand how people cope with the uncertainty and
unpredictability found in person-person interaction and
joint activity. This could then be used as a basis for
considering the less understood human-AS interaction
requirements.

As social beings we learn about the world around us
through other people, both actively and passively. People
have evolved information gathering, decision making,
problem solving and anticipatory judgment processes and
mechanisms to understand other people’s likely actions and
intentions because it is advantageous to their own survival
and well-being to anticipate the future actions of others.
These processes and mechansims require knowledge of
social action and behaviour, the perception of relevant
features and attributes contributing to the formation of
hypothesized intentions and the subsequent testing and
reshaping of those hypotheses. However despite this
evolved knowledge processes and mechanisms maintaining
awareness of an actor’s intentions can remain problematic
for people. They strive to find meaning from an actor’s
behaviour and transpose this into the supposed intentions to
produce possible implications that then in-turn may impact
upon their own intentions, goals, plans and future actions.
Interpreting the situation correctly relies on perceiving the
features and attributes of available cues, a rich, experiential
knowledge base and rapid and effective decision-making
and judgment. When successful potential conflict or
deviation is foreseen, future actions are dynamically
altered, breakdowns are avoided, repair costs are minimized
and successfully coordinated joint activity occurs.

In collocated settings intention recognition is aided by an
actor having a greater perceptual awareness of the other
agents and environment. But systems of remote distributed
components require additional support to achieve even
reduced levels of awareness and to enable coordinated work
efforts. Currently when performing shared and/or joint tasks
that require interacting with others or technology in
distributed environments systems provide support for a
users' awareness of state and action. For example, a system
allowing participants to monitor each other’s tasks in a
collaborative activity [15]. Hourizi & Johnson [12] have
shown that this awareness can be significantly enhanced
when information about future actions, intentions and
implications are provided. In addition they have proposed
and applied a framework to aid the design of technology to
support this.

In the psychological research domain studies have invoked
the *theory of mind’ [1] to explain how people predict other
people’s intentions. However, since AS are not people can
we attribute their behaviour to a causal theory that assumes
they use the same mechanism as people? While the
reviewed literature that follows provides an explanation of
how intentions are recognised, this theory has not been

tested or attempted to be applied. By considering how this
might be applied to system design we can then go on to
investigate how applicable it is and how well it enables
awareness of intention in human-AS interactions. This can
be framed as the questions; what information is required for
judgments of intentionality? How can that be applied to
human-AS interaction? Does supplying that information
have any affect upon human awareness of AS behaviours
and their interactions with AS?

3. INTENTION RECOGNITION

The theory of mind allows humans to understand that other
agents (human or machine) have different goals from our
own through recognising intention. This is termed a
judgment of intentionality. We recognise that motivation
for action can be internally and externally generated which
we can interpret in others as reasons or causes and make
attributions about their motives. Intention has been defined
as “a plan of action the organism chooses and commits
itself to the pursuit of a goal - an intention thus includes
both a means (action plan) as well as a goal” [21]. In
dissecting this definition we can identify that actions have
different types of purpose. Intentions can represent the end
accomplishment of a plan and the tasks within the plan that
enable the high level goal. This is recognising that
predictions can be either short-term (the next action) or
longer term (the end goal).

Considering the intention of an action as a prediction can
serve two main benefits. From a hindsight perspective it can
be used to understand and account for the reason for one
particular action being performed over another i.e. where an
action fitted into a plan after a goal has been achieved. In
foresight understanding an intention can create a prediction
and anticipation of the future possible states that other
agents will create. This is consistent with [18] who propose
different types of intention — ‘intention to’ and an ‘intention
that’ referring to an intention as an end goal or an intention
as the purpose of an action enabling a state within a plan.

A key challenge in designing AS as effective team players
is for people co-working with AS to be able to understand
the system’s intentions allowing human and machine
interaction to be predictable and reliable [14]. The
evolution of command style computing to current and
future AS, means systems are now making an increasing
number of decisions independently of human supervision
and authorisation. An imperative solution is needed to
address the problem that people are becoming the isolated
observers trying to understand what is happening and what
is the most appropriate action required, in a situation where
computers can choose to effect how a situation develops.

Judging intentionality is a decision-making process. The
product of the process is dependent upon how the
information about a scenario is perceived and cognitively
processed. Due to decisions of intentionality being



dependent on the information available about an AS, false
or lack of a critical level of information will result in an
incorrect assumption about intentionality.

The research position taken here is that intentionality
decisions in people are applied heuristics that cognitively
“pattern match.” Pattern matching uses observable
information as cues to match to plans and actions of how to
achieve goals in a given context stored as knowledge
structures. Pattern matching occurs constantly as we
observe a sequence of actions and construct an explanatory
chain for each action to understand the end goal. Much of
the motion and action processing occurs at an autonomic
level [20] although we can consciously reason about
intention using more effortful higher level reasoning. For
observers this means a lack of information required for
accurate matching, or incorrect information, will result in
an incorrect match. The theoretical account adopted of how
people are able to distinguish intentions is simulation theory
[7]. As a synopsis the theory accounts for third-person
mental attributions by the attributor imaginatively putting
themselves in the ‘targets shoes’. They pretend to have the
same initial states — such as desires and beliefs — and then
simulate the decision being made. People do this by using
the same mechanisms necessary to decide their own actions
and running the ‘target agents’ inputs into these
mechanisms. The output from these mechanisms will then
produce the ‘targets intent’.

We find the types of information inputted into such a
mechanism in process models of intentionality such as Read
and Miller’s social dynamics model of person perception
and dispositional inference [19]. They propose that inferred
traits are frame-based structures or schemas where the goals
of the agent being inferred play a central representational
role. Read and Miller liken trait inference to the mind
constructing “stories” or “narratives” where the trait is used
to encode the perceived information as an exemplar to
judge if the observed behaviour is a match. The encoding
can include the agents, objects and actions perceived in an
environment that are then assembled into a scenario. This
scenario will activate in reasoning and memory possible
goals for the action operating as a bottom-up and top-down
process.

Together these theories suggest user human-AS interaction
needs to support intentionality recognition by making the
input cues required perceivable, salient and semantically
pertinent. These points can be described in the following
questions. What cues are required for intentionality
awareness? How can those cues ensure attention at the most
appropriate time and when should that be? How can the
cues be represented in a meaningful way? Since there has
been little research in this area the present research has
began by examining which cues do or do not improve
intentionality awareness.

4. BREAKDOWNS

To enable the investigation of supporting intentionality this
approach examines what information requirements are used
in intention recognition by analysing breakdowns to reveal
the information that was missing or identifying what
additional information may have prevented the error. The
notion of a breakdown used by Easterbrook allowed the
identification of such failures. Easterbrook defines a
breakdown as “a mismatch between the internal mental
models of people, such as the expectations of one
participant in a collaborative activity and the actions of
another participant in the same activity” [3]. In adapting
this for the specific use of intentionality in this research, a
breakdown would be identified if observers assumed an AS
had a particular goal (expectation), but then turned out to be
mistaken (mismatch).

Hourizi and Johnson’s awareness model predicts that for
information in an environment to generate awareness it
must be subject to certain cognitive processes - (1)
available (2) perceived, (3) attended to and (4) evaluated for
implications [12]. Applying this general model of
awareness, leads to the identification of challenges to
improve intentionality awareness. Identifying what needs to
be perceived to make an intentionality decision, when
should the information be made available (attended to) and
how to represent semantically implicational information
remain pertinent questions?

This model can also be used for evaluating post breakdown
situations to identify a likely cause such as what
information was unavailable to perception or was available
but was not attended to? This approach was used in the
analysis of intentionality breakdowns captured through a
diary study.

5. UNDERSTANDING INTENTIONALITY BREAKDOWNS
A diary study was designed to capture a breadth of
examples of intentionality breakdowns in naturalistic real-
world settings. This was conducted by giving 4 participants
notebooks where they recorded breakdowns as they went
about their day-to-day life. Participants kept the notebooks
for 2 weeks. Participants were instructed to record the time,
location and a description of the error along with why they
thought it happened. The research was interested in
capturing errors where the participants had misinterpreted
someone else's intention incorrectly, or someone else had
interpreted their intention incorrectly. The results provided
23 real life examples of people misreading someone's
intention. They raised a number of issues and guidance in
the intentionality recognition needs to be supported.

Firstly the study informed an understanding of when and
why intentions are judged at all. Many of the examples
recorded by participants were included as breakdowns
because behaviour was performed by an actor as a signal
directed towards other actors. This signal was expected to



prompt a required action by the other, but in the recorded
cases did not. These cases demonstrate explicit demands for
actors to judge intentionality. According to Kanno, Nakata
and Furuta [13] intended recognition is a favourable method
of reducing breakdowns by the actor being aware that it is
being observed and actively cooperating in the recognition.
The present research assumes this would represent an AS
supplying the appropriate information to enable a correct
inference.

The diary study also recorded implicit breakdowns referred
to as keyhole recognition [13]. In these cases the observed
actor is unaware of the other actor, and executes their
actions with no special consideration for the other. Implicit
and explicit breakdown types reflect which actor has
recognised that actions may be necessary. Some tasks
require actors to aggregate their combined activities
together to achieve the desired outcomes prompting explicit
intentionality. Other tasks are more loosely coupled and
simply require actors to avoid conflicts with other actors’
activities, relying on more implicit recognition.

Types of intentionality breakdowns can be further
categorised into the response they provoke. Where an
explicit signal is performed, an actor has 2 possible
breakdown outcomes. Perform the wrong behaviour or fail
to respond at all to the stimulus. Similar breakdowns can be
labeled of implicit examples. Here an actor may perform
unnecessary actions prompted by judgments about another
actor, or fail to anticipate that actions were needed.

There are at least 3 minimum types of constructors that are
used by people for cue information — the actor, the action(s)
and the target object(s). The actor represents the agent
being taking action. The action represents the activity that
the observed actor is performing. The target object/state is
the component that the action is directed towards in order to
change it in a desired way. The availability of each of these
informational elements suggests it will affect an actor’s
ability to attribute intentionality accurately.

Making information cues available is important, but the
cues must also be correctly categorised. Categorising the
identity of elements correctly is crucial to creating an
accurate interpretation of intention. If an element is
miscategorised then the likely goals according to that
misrepresented intention will be activated as expectations
of likely goals, instead of the correct set of possibilities.
This can apply to the agent, actions and target object. A
likely explanation for miscategorising is a lack of
“visibility” of an element resulting in it being obscured or
obstructed. Also people’s mechanism of intentionality
recognition operates by expectation and the identification of
one component increases the likelihood of a closely related
element being identified. This leaves highly routine/rule
based activities where familiarity, need and high frequency
cause expectation effects, and tasks that require plans of
similar/matching action sequences, to be vulnerable to

greater numbers of breakdowns.

Categorising the fundamental elements of a scenario is
important because possible goals for observed actions will
be generated by knowledge about what the actions may be
trying to accomplish in that specific circumstance.
Variables such as the role of the actor, the values of the
actor, the capability of the actor, the enabled goals, the
culture and the context can produce radically different
motives for similar actions.

Understanding the location of elements is also important for
actors to generate possible effects and relationships of
proximity between them, which aid the generation of causal
links of motivation.

In the case of interpreting the intention of an actor a
judgment of their attention is necessary to generate the
correct goals that could be applied to the attended
component. Between people this is often accomplished by
following the actor’s gaze to understand where their
attention is directed. In AS this feature will require a new
representation because radar based sensors are omni-
directional as can be artificial computer vision systems.
Highlighting which element an action is directed towards
will aid why an action was needed and what that action is
trying to change.

It should be remembered that although there are many
possible motivations for human behaviour, the motivations
of AS are constrained, so the awareness aids discussed may
potentially narrow the possible goals considerably when
observing.

6. CONCLUSION

Supporting intentionality recognition to aid human-AS
interaction requires the delivery of appropriate cues and
context within which to process those cues. This will enable
people to reduce the possible number of goals in a search
space when making a judgment of intentionality thereby
reducing the number of opportunities for incorrect
interpretation and resultant repairs or breakdowns. While
certain types of breakdowns can be prevented others
cannot, and may never be avoided. Since an action can be
caused by more than one intention, certain behaviours will
always display more than one goal. For example when
someone opens a window is it because they are too hot or
because there is a smell in the room? The only way to
increase certainty is to supply more contextual or explicit
intentional information, but this can become impractical.
Secondly even supplying all the correct information,
making people attend to it and understanding it will still
result in different interpretations because people possess
different knowledge and preferences of how to achieve
goals. With further studies we aim to determine the
effectiveness of supplying information based on current
models of intentionality. Systems trying to support
intentionality first need to address what information to



provide before trying to negate the effect of individual
interpretative decisions on judgments of intentionality.
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