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ABSTRACT

Engagement is a concept of the utmost importance in human computer interaction, not only for informing the design and
implementation of interfaces, but also for enabling more sophisticated interfaces capable of adapting to users. While the
notion of engagement is actively being studied in a diverse set of domains, the term has been used to refer to a number
of related, but different concepts. This paper represents a first attempt at exploring a number of important concepts that
the term has been used to refer to, of relevance to both human-human and human-machine interaction modelling.

1. INTRODUCTION

Investigations of the way in which people may engage and interact with machines play a significant role in the design
and implementation of intelligent interfaces for a variety of applications, from learning to recreation. Such interfaces
should be capable of adapting to the human user and act in an appropriate manner according to the context of the
situation [14]. Being able to monitor, interpret and react appropriately to users' interest and engagement, is an important
step towards achieving this. The notion of engagement is being considered in a number of diverse research domains,
scientific and commercial. However, there remains great variability, overlap and often vagueness with respect to what
exactly the term is. For example, a number of related concepts, such as interest, sustained attention, immersion and
involvement, are sometimes used interchangeably and relationships are often unclear. This paper represents a first,
exploratory attempt at considering some of the broad number of descriptions of engagement and related concepts from
across several domains broadly related to HCI. We describe consistent fundamentals behind the concept of engagement
as it is presented by researchers working in domains such as robotics, affect recognition, computer games and
conversational characters. We do this, with a mind to modelling engagement capabilities for machines, over two
Sections: in the first, we describe fundamental factors in engagement (Section 2) and in the second, we attempt to relate
different views on engagement to the perception-cognition-action loop (Section 3).

2. FUNDAMENTAL FACTORS

When consulting a dictionary in the English language, the term engagement appears to be used in at least two common
senses. First of all, it can be used in the sense of starting, referring to an initiation of contact. For example, a user may
engage in interaction with a machine by moving into a specific range upon which the machine responds. This does not
seem to imply any necessary duration to the interaction, but rather a phase (Section 2.1) - the user may engage briefly
with the machine and then decide to move away. In a longer term sense, engagement also refers to the concept of being
occupied with. In this respect, the engagement seems to imply a more sustained involvement. In the literature,
engagement is referred to in a number of different ways: as a process; as a stage in a process, or the overall process; as
an experience; as a cognitive state of mind; an empathic connection; as a perceived or theorised indicator describing the
overall state of an interaction. Nonetheless, in most studies relating to engagement, two underlying fundamentals are
apparent: attentional and emotional involvement. Selective attention to a stimulus seems necessary in order for a most
basic form of engagement to occur with it; this form of engagement may be limited to a quick glance at a potentially
relevance stimulus that proves to be of no further interest. A more sustained form of attention provides a more elaborate
requirement for engagement and also allows the possibility of affective involvement [16].

2.1 Phases of engagement

Engagement, when referred to in the sense of a process, can be regarded as being composed of a number of discrete
stages or phases through which it may progress. These may relate to the intensity or degree of involvement of
participants with respect to the focus of engagement. In the study of engagement with robots, Sidner et al. [17] refer to
engagement as a process by which \individuals in an interaction start, maintain and end their perceived connection to
one another". It is a natural starting point to consider engagement as consisting of at least these three broad phases.
O'Brien and Toms [11] refer to four phases of engagement: a point of engagement, sustained engagement,
disengagement, and re-engagement. The concept of re-engagement raises the important issue of when an engagement
can be considered to end. In some circumstances, it may be clear: a person may get up out of a seat and walk away
from an interaction with the computer. However, in many other cases, it is much harder to determine. For example, if the
user looks away briefly, it may just mean that they have been temporarily distracted. In some cases, looking away may
actually signal engagement, such as during shared attention scenarios, when looking at an object under mutual
consideration [12]. Social space has also been used in [9], among other indicators, to help categorise engagement
according to the stages of present, attending/interested, engaged and interacting. This is an important consideration
during mobile scenarios, where robots and users are free to move around the environment, highlighting the important
role of the context of the interaction.
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2.2 Focus of engagement

An important factor is consider is what exactly it is that the user is engaged with. This is often difficult to measure with
confidence, particularly for more sophisticated forms of engagement. For example, the fact that a user is in the vicinity of
a screen or looking at one does not mean that they are paying attention to it (they may be day-dreaming for example) or
that they are paying attention to important aspects. One way to alleviate this situation is to consider only attention
towards currently relevant aspects of the scene. For example, in [12] during interaction with a virtual character, three
qualities of engagement are defined, relating to the user (1) not looking at the screen at all, (2) looking at irrelevant
aspects of the scene, and (3) looking at relevant aspects of the scene with respect to the ongoing interaction. In this
situation, attention towards relevant aspects of the scene at appropriate times is regarded as signalling the highest
quality of interaction engagement between the user and the character.

2.3 Interest

Another related concept to the study of engagement is that of interest. Interest has been described as being functionally
important, for motivating interaction and learning, as a mechanism of selective attention \that keeps the creature's
attention focused on a particular object, person or situation" [2]. It is particularly noteworthy that many works regard
interest as an affective state (for example [10]). This can be explained by the many complex overlaps between attention
and affect: attention is deemed to be required for varying degrees of affective processing while, conversely, emotional
stimuli capture, maintain and may modulate attention.

3. CONCEPTS

The term engagement has been mentioned in many different senses throughout the literature, referring to a number of
diverse, although often related concepts. Here, we relate engagement to the action-cognition-perception loop. Although
this loop is a great simplification with respect to the real system, it provides a useful initial basis for differentiating
between different meanings behind the term.

3.1 Perception

Here, perception refers to the use of the term engagement as it relates to the decoding of basic cues from an other
interactor, by a person or by a machine, for example by using computer vision techniques. Of general importance to our
sense of engagement with others is our perception of their attention [7], which can be altered by factors such as the
effect of distance between interactors on the salience of visual cues and the context of the situation. Important non-
verbal cues can be obtained based on head direction and gaze [1], blinking, eyebrow movement, posture and posture
shifts [10], smiles [4], feedback and body movement [9], and engagement gestures [17]. These low-level signals can in
some cases be interpreted as direct measures relating to engagement and interest e.g. the user is regarded as being
engaged/interested when looking at the screen. More sophisticated measures, relying on the integration of multiple
sources of information, are categorised here in cognition, Section 3.2.

3.2 Cognition

In relation to the cognition category, engagement here refers to the entities actual state, motivation, goal or tendency
towards investing or being concerned with a stimulus. In this sense, interest is often used to describe the motivation or
goal towards opening or maintaining engagement. Although an entity may have an interest in something, this is to be
differentiated from the action of showing interest in it (Section 3.4). The use of BCI and physiological devices, which may
provide direct indicators of attention or affective factors from the body and brain, are relevant here. See for example [15].
Such devices may be particularly effective in conjunction with theories of user state based on inference from their
behaviour [13]. Here, engagement details relate to higher-level inferencing based on the multimodal integration of
perceived signals for theorising about engagement, that is, making inferences about the complex mental states of the
other. For example, interest and concentration may be interpreted at this level based on multiple low level cues [6]. This
information helps to keep track of the overall state of engagement from the perspective of the entity, and may help set a
context by which ones own behavioural decisions and appraisals of the others behaviour can be judged.

3.3 Experience

In addition to the general perception-cognition-action loop, we found it necessary to add an extra category, called
experience, in order to cover many studies of engagement that relate to the subjective experiences felt by individuals
who are engaged. For example, during engaging situations when playing computer games, experiences relating to
engagement have been reported as feelings of losing oneself in the world of the game, not noticing things happening
outside of the screen, or losing all track of the passage of time [5]. These experiences are often related to the concept of
immersion, and engagement has been described as the first in three levels of immersion, where the user is required to
“invest time, effort and attention in learning how to play the game and get to grips with the controls" [3].

3.4 Action

Here, generation of cues and signals related to displays of engagement are considered. For example, during face-to-face
interactions, important information is usually present in the face, so it may be expected that we naturally pay attention to
the face if we are engaged with that person, and may also display feedback such as nods to display our interest and/or
show empathy by conducting appropriate facial expressions. In this respect, they might signal engagement, for example,
by attending to the other and showing interest in what they say. An important distinction here, based on goals and
motivations from the cognitive category above, is whether such signals are based on a genuine interest or are superficial
displays the have the explicit purpose of communicating to the other that one is engaged.

One may choose to display signals of interest for a variety of superficial reasons, related to the accomplishment of high-



level or abstract goals. Sometimes the display of interest is more important than the actual motivation. For example,
while working on the documentary Thin Blue Line, interviewer Errol Morris suggested that in some cases, success in
persuading interviewees to disclose facts entailed limiting actual interest and engrossment in the story, so as to focus on
showing interest in it [8].

4. CONCLUSION

We have presented a cross-domain consideration of the meanings behind engagement, framing them in terms of the
perception-cognition-action loop. We also added considered related concepts which are sometimes used
interchangeably with the term and investigated fundamentals that always seem to apply. Relating engagement, similar
concepts such as interest, and the use of the term in literature is not an easy task due to the interconnectedness of the
terms and the mechanisms they relate to. However, while the categories of perception, cognition, experience and action
do not provide a very concise categorisation, we hope that they can provide a start towards elucidating the different
circumstances in which the terms may be used.
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