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Abstract—In this paper, we present an approach to compu-
tationally simulate the effect on a person’s event segmentation
that could hypothetically be induced via gaze guidance tech-
niques within an immersive virtual environment. We propose
a methodology to model gaze guidance via rational modifications
to the Fluid Events Model of segmentation. We aim to provide
a robust basis for discerning the relationship between immersive
environment gaze guidance and its ultimate effect on a user’s
experience.

Index Terms—immersive environment, psychology, attention,
event cognition, computer-based experiment.

[. INTRODUCTION

We are interested in discovering how guiding a person’s at-
tention through the use of cues within immersive environments
impacts their event cognition in a computationally-rendered
virtual world. There are many meaningfully different kinds of
cues that have been employed within immersive virtual worlds
[1]-[4]. This wide variety of cue types remains under-explored
in terms of their impact on event cognition.

We sought to fill this gap by exploring how possibly [5]
to account for the effect of gaze guidance on event cognition
within interactive immersive environments.

This paper presents our method of constructing a simula-
tion designed to support the following computerized thought
experiment [6]: how might we adapt the Fluid Events Model
(FEM) [7] — a validated behavioral model of interactive event
segmentation — to accommodate a hypothetical influence on
segmentation due to spatial cues [8]?

II. RELATED WORK AND BACKGROUND

This paper derives a method to modify the FEM through
a principled extension that covers the hypothetical cue-based
impact on event segmentation—the automatic component of
our perceptual processing that breaks down daily occurrences
and actions into a discrete set of meaningful events [9]. An
event is a segment of time at a given location that is conceived
by an individual to have a start and an end [10].

The FEM is illustrated in Figure 1. This model predicts
the probability of people perceiving new events and changing
their ongoing actions (activities carried out by individuals to
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complete a task) due to two types of factors: event-structure
factors and experience-based factors. Event-structure factors
(denoted with a hammer icon) include recent changes in event
structure, suitability of the current action to the event, and
time spent on task. Experience-based factors (denoted with a
person icon) involve recent action shifts, frequency of action
shifts, performance dips, and a person’s propensity to switch
actions within the current task (flexibility).

Our work lays the groundwork for a modified FEM that we
expect will capture a new event-based factor: one that reflects
our hypotheses for how spatial cues influence the baseline
FEM’s prediction of event segmentation likelihood. In the
subsections below, we discuss the concepts and formalisms
that are needed to understand the groundwork we lay out.

A. The Cuelnfluence Factor

The FEM calculates the probability perceiving a new event.
We propose modifying the FEM’s underlying formula to
include a new event-structure factor: Cuelnfluence. This factor
ought to reflect how cues operate within our field of view, as
described next.

B. Cues within the Field of View

Covert vs. overt in the context of spatial attention cue-
ing refers to how attention is drawn to a point in space.
Researchers have looked into the differences between foveal
vision and peripheral vision—the two main regions that form
the humans eye’s field of vision. The transition between
these regions does not occur at hard boundaries but is rather
seamless. This has led researchers to have different definitions
of where these regions lie within the vision field, thereby
introducing vagueness in terminology.

For the purpose of defining the central visual field in our
work, we adopted the definition by Strasburger et al. [11].
They refer to the central visual field region as that of the
fovea and parafovea (p ~ 8 degree of arc diameter). This area
represents the region where overt cues operate (illustrated in
Fig. 2). Anything outside of that is peripheral vision.
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Fig. 1.

A recreation of the Fluid Events Model Flowchart (ISO 5807:1985) with the addition of our proposed Spatial Cues component (highlighted in red).

The two event-structure factors involved in the FEM are: 1) Environmental Change; alterations to the current task’s environment or the event structure, and
2) Time on Task; time spent on current task. The five experience-based factors in the FEM are: 1) Just Shifted Action; whether a recent action switch has
occurred, 2) Number of Action Shifts; frequency of action switching, 3) Performance Dip; recently experienced decline in performance, 4) Bad Shift; whether
a performance dip occurred due to a recent action switch, and 5) Flexibility (Sensitivity); individual’s inclination to try new actions. Our work focuses on event
segmentation which is relevant to the event-structure factors. We posit this component factors directly into the probability of perceiving an event boundary.
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Fig. 2. The visual field has two principal sub-regions: (1) the central visual
field, which we identify as the region that subtends 18°20’ of visual angle;
and (2) the peripheral visual field, which extends approximately 80° in both
Temporal Left and Temporal Right directions.

Covert Cues

100° 100°

Our eventual work will simulate the two aforementioned
types of cues. For overt cues, we propose simulating a cue that
conspicuously draws attention so that individuals are aware of
the stimulus. Such techniques include highlighting and clear
overlay elements (e.g., arrows pointing at targets) as used in
previous studies [12], [13]. For covert cues, we propose sim-
ulating Bailey et al.’s Subtle Gaze Direction (SGD) technique
[14]. SGD uses luminance (lightness) or color modulation to
increase the salience of a particular region and subtly guide the
gaze to it. This covert cue stimulus is terminated immediately
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whenever the angle between the center of the user’s gaze and
the cued region is within 10°, preventing the gaze from fixating
on the stimulus (illustrated in Fig. 3).

ITII. METHOD

As noted, the FEM predicts the likelihood of perceiving new
events due to combined event-structure and experience-based
factors. Our proposal is to modify the FEM by introducing
a Cuelnfluence (event-structure) factor, which computes the
expected influence of cues on the FEM’s prediction score.

Depending on which type of cue is used (overt or covert),
the formula contributes a different value to modify the baseline
prediction score. We expect the cue influence equation to be
comprised of the subtraction of a power function — usually
used to describe decay and growth phenomena in real world
[15] — from the value 1; this would reflect the growth of
influence as the gaze proximity increases. In turn, this would
produce a normalized value between 0.0 and 1.0, which fits the
FEM’s required prediction score criterion range. One candidate
equation that satisfies these constraints is:

Cuelnfluence = 1 — qOazeProximity

(D
Where:

o «v is a weighting factor that modifies the influence of the
cueing technique on event segmentation likelihood, and

o GazeProximity reflects the proximity of the gaze to the
cue stimulus as illustrated in Fig. 4.
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Fig. 3. Schematic diagram of the macula. The central visual field extends to
the parafovea (¢ ~ 8 visual angle). If the the center of gaze comes within 10°
of a source of a covert cue stimulus, the stimulus is terminated immediately.

We posit that the cue influence equation should account
for an expected dominance relationship between cue types
as suggested by the literature [2]-[4], [13]. This ensures a
dynamic adjustment of the influence based on the interplay
between the cue type and the gaze proximity. While one
might think that gaze proximity and cue type are dependent
on each other (high proximity means overt and low proximity
means covert) there is potentially a different way to interpret
their relationship. We envision two possible configurations that
could explain how these might be related differently.

The first configuration assumes no cue dominance and that
both types of cues affect the gaze proximity equally, which
is a reasonable baseline assumption. The second configuration
assumes the presence of a dominant cue, which overrides the
gaze proximity factor. The justification behind this second
configuration lies in prior literature: several studies suggest
that the efficacy of guiding gaze using cues is different
depending on the type of cue that is being used [3], [4], [13].
This means that for a certain type of cue, where a person’s
gaze is fixated is of less importance relative to the cue’s
presence within your field of view; this is because that cue
can be assumed to be reliably perceived and thereby succeed
in drawing your gaze to a region of interest.

In order to conduct our intended simulation study, we will
have to synthesize the data we would expect to see under
different expectations (i.e., configurations) of how the different
cues independently impact the likelihood of drawing your
attention, and transitively, how this elicits segmentation. This
synthetic data ought to be generated as a function of the cue
type, because — as explained — we expect gaze behavior may
be different when using overt cues versus covert cues.
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Fig. 4. The proximity of a simulated participant’s gaze point to the cue
stimulus. It has a maximum value of 1.0 when fixated on the cue and decreases
to 0 as the angle between the center of gaze and the cue stimulus extends
beyond 20°.

A. Toward Synthesizing Overt Cue Data

Prior literature has demonstrated the effectiveness of using
overt cues to help users within immersive environments detect
objects and changes in the scene [13], [16]-[18]. Hence, we
anticipate that a majority of eye fixations will be reliably
directed towards the overt cue stimulus. Thus, our synthetic
data should reflect a distribution of eye gaze behaviors with
the highest density centered on the cue stimulus. We expect
this distribution to be left long-tailed.

B. Toward Synthesizing Covert Cue Data

Covert cues utilize the SGD technique and ensure that the
stimulus is terminated before the angle between the center
of gaze and the cue stimulus falls within 10° as previously
described. Therefore, gaze fixations can either halt in that
vicinity of where the stimulus is terminated (because it is no
longer being guided), or proceed to fixate on the cued region
that we intend the gaze to fixate on. As a result, our synthetic
data should reflect a bimodal distribution with two comparable
peaks at the following values: (1) GazeProximity = 0.67,
indicating that the gaze halted in position after the termination
of the covert cue (GazeProximity is equal to 0.67 when the
angle between center of gaze and cue stimulus is exactly at 10°
as shown in Fig. 4), and (2) GazeProximity = 1.0, indicating
that gaze persisted towards and fixated on the cued region of
interest.

IV. SUMMARY AND PROPOSED FUTURE WORK

In this paper, we proposed a theory to explore how adding
cue-based information can affect the FEM segmentation-
prediction performance.
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In pursuit of that goal we had to reach two intermediate
milestones. First, we needed to discover how to integrate cue-
based information into the FEM model, which has correspond-
ing computational implementation implications for a variety
of other task-based and person-based factors as mediators
of segmentation activity. Second, we posited various kinds
of computational renditions of cue-based information in an
attempt to make our theory independent of an ultimate com-
putational model, but still consistent with the computational
architecture that is expected by the FEM.

We plan on conducting a future simulation-based study
to verify if our proposed method of incorporating cue-based
information can result in a meaningful shift in the FEM
baseline prediction score. To this end, we will modify the
original FEM prediction score simulation code to include parts
that account for the proposed Cuelnfluence factor. For that
study, we expect to test the following hypotheses:

1) Both types of cues affect the GazeProximity factor

equally and can influence event perception.

2) Overt cues dominate GazeProximity; they more effec-

tively draw attention and influence event perception.

3) Covert cues dominate GazeProximity; they more effec-
tively draw attention and influence event perception.
While our third hypothesis can seem contradictory to the
difference between overt and covert cues discussed earlier,
there exist several studies which suggest that people respond
faster to subtle cues and that they are often harder to ignore
[8], [19], [20]. As we detailed in our Method section in this
work, we will assess the validity of our proposed configura-
tions regarding the influence of spatial cues in eliciting event
segmentation, as predicted by the FEM. We plan to reach out
to the authors of the original FEM paper to obtain datasets
used to validate their model. We will augment the datasets
with synthesized data using the methodology discussed earlier

in the paper, and evaluate the hypotheses above.

We will be successful in our aim if — after modifying the
FEM - we are able to observe a meaningful shift in the pre-
diction of event segmentation based solely on the introduction
of the Cuelnfluence factor. This would suggest that — even
in the presence of other factors which demonstrably impact
event segmentation — we are able to “induce” segmentation as
a function of Cuelnfluence alone. In turn, that would suggest
that it is in principle possible to construct an experimental
evaluation where we empirically observe the simulated effect
(which is our eventual end goal).

Our work adopts the definitions of central visual field and
peripheral vision as established by Strasburger et al. [11].
However, we recognize that there is no consensus on how
these two regions are defined in the literature, meaning that
our eventual simulation will be contextualized by this choice.

We expect this work will contribute to a deeper theoretical
understanding of how spatial cues can affect event segmenta-
tion processes in immersive virtual environments. Further, the
interdisciplinary nature of this work, bridging immersive tech-
nologies, cognitive psychology, and computational modeling,
makes it relevant to the cognitive systems community.
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