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Abstract  
Our work explores the potential in turning the concept of
presence “inside-out.” We theorize a relationship between current
multidimensional conceptualizations of presence, theories which
utilize predictive processing and comparative models to explain the
underlying cognitive structure of presence, and evidence which
suggests that past experience with both the content of media and the
media providing the content are influential factors in overall felt
presence. We propose a conceptualization of presence not as a
unified “sense of being there”, but rather as a “sense of feeling
real” as the result of an automatic perceptual process. We consider
an emergent metanarrative for presence, or lack thereof, as an
alignment of external stimuli with an internal set of schemata.
Lastly, we explore possible new research questions and discuss the
implications of our proposed model for both the design of virtual
experiences and the measurement of presence.

1  Surfacing  the  Narrative  on  Presence  
Presence is a psychological construct, generally thought of as
a “sense of being there,” and is of particular interest in virtual
immersive experiences. Here we explore the possibilities of turning
the concept “inside-out” by placing different operational definitions,
conceptualizations, and theories of presence in context with each
other. Interrelating these perspectives opens the possibility for
creating a theoretical framework to engage how presence arises and
is sustained in potentially novel use cases generated by emerging
consumer VR (and AR) technology. As envisioned by promissory
narratives defining these technologies, use cases include ubiquity
(immersion on-demand), mobility (immersion on-the-go), sensorial
augmentation beyond that which is humanly possible (multi-scale
real-time feedback between sensors, inputs, actuators and data
driven content), blended/mixed-reality experiences of “being there”
and “being here”, and extended interactive experiences of
unprecedented duration [1]. It also facilitates the emergence (and
exploration) of a proposed model to address the role of individual
experience with both the content of a medium and the medium itself
as a basis for felt presence. We theorize this is enabled by a
relationship between aspects of several multidimensional
conceptualizations of presence (detailed below), context, and
cognitive frameworks based in predictive processing that suggest
prospective mental simulation unique to individuals.
1.1  Theories,  and  definitions  
Tracing operational definitions of presence from Marvin
Minsky’s concept of telepresence -- describing the affordances of
advanced teleoperation technology allowing operators to feel as if
they were at the actual sight of operation [2] -- much of the
subsequent research has focused on developing theoretical
perspectives that articulate relationships between technologies and
content, and the influence of these relationships on felt presence.
Co-existing with the often used definition of presence as a “sense of
being there” [3] are several operational definitions of presence: a
“perceptual illusion of nonmediation,” [4] a “sense of being in an
environment,” [5] a “psychological focus on perceptual processing”
[6] and the “subjective veridicality of perceptual processing” [7] to
name only a few. These theoretical and conceptual frameworks all

use the same term, presence, but their implications are different. We
use “presence” as an umbrella term referring to multiple
theoretical/conceptual views simultaneously. The variety of
definitions, theories, and measures of presence revolving around
similar phenomena can result in issues of generalizability and crosscompatibility, some of which are described below. Our proposed
model strives to address some of these issues. In contrast, we focus
on individual human factors and the context of content to articulate
presence. We propose an alternative definition for presence as a
“sense of feeling real,” supported by multidimensional frameworks
described in Section 1.2.
Following on from Minsky’s telepresence, Steuer [5] presents
a theory of presence centered on the degree to which one achieves a
“sense of being in an environment.” This theory emphasizes how
attributes of the technology (vividness and interactivity) interact
with the individual’s immediate situational factors and ongoing
personal concerns, or “background” [8], to affect the human
experience of telepresence.
Lombard & Ditton [4] present the “illusion of nonmediation,”
a way of integrating past theories of presence which share common
characteristics. In this theoretical perspective, presence cannot occur
unless a person is using a medium which provides content, and
arises when the medium either becomes transparent to the sensation
of the content or is transformed into a social entity. Furthermore,
Lombard & Ditton propose the idea that presence is a transient
experience which either does or does not occur, rather than
occurring in degrees, and that the subjective feeling of non-binary
degrees of presence is attributable to and proportional to the
frequency of instances in which presence is felt. Though this
conceptualization emphasizes the role of technological attributes
which cause presence, two human factors are presented as mediators
for felt presence: The willingness to suspend disbelief -- to actively
suppress inconsistencies and signals that suggest the experience is
mediated -- which can be reconceptualized into the mediating factor
of personality variables on presence [9], and knowledge of or prior
experience with the medium [2, 9]. Both of these factors are
dependent on the content and context of the medium and may vary
between individuals.
Attention also plays a major role in felt presence by filtering
the stimuli processed, changing the nature of experience with
content. The term “breaks in presence” has been used to describe
momentary lapses in felt presence resulting from shifts in attention
from a virtual environment to the physical [10,11]. These breaks do
not occur when simultaneously attending to both the physical and
virtual [13]. In contrast, Waterworth and Waterworth [6] explicate
virtual experience by introducing the concept of absence (separate
from “breaks in presence”) as the antithesis of presence, wherein an
individual is focused on conceptual processing and shifts resources
away from the perceptual processing that antecedes feeling present.
Waterworth and Waterworth also consider consciousness, or lack
thereof, as a factor in the amount of perceptual or conceptual
processing available, and introduce the locus of attention on either
the virtual or the physical as a component of presence in virtual
environments (rather than a strictly presence inhibiting component).
Place illusion (Pi) strictly refers to the “sense of being there”
and is not associated with features that have subsequently been

added to presence such as feelings related to the self or others,
whereas Plausibility illusion (Psi) refers to the “illusion that the
scenario being depicted is actually occurring” even if it is
cognitively known that the events depicted are not occurring [14].
Within the larger context of presence as a sense of “feeling real,”
plausibility illusion can be simplified into “feeling believable.” In
this framework, Pi arises from the successful simulation of
sensorimotor contingencies (SMC) -- mental models of the
correspondence between self action and its associated sensory
information [14,15]. Psi then comes from “correlations between
external events not directly caused by the participant and his/her
own sensations (both exteroceptive and interoceptive)” [14]. Pi and
Psi are mechanistically different in this context, though as we
describe in Section 1.4, their underlying mechanisms may be the
same and it is simply the mental models pertaining to these
constructs that makes them distinguishable. Our model as presented
in section 2 below speculates Psi to be highly related to the notion
of narrative presence, which describes a person’s affective-cognitive
relationship with the story being depicted [17]. The term “illusion”
in the context of Pi, Psi, and “illusion of nonmediation” has been
controversial as evidence suggests that presence is processed in the
same way throughout both mediated and unmediated experiences,
as described in Section 1.3.
The sampling of viewpoints in this section exists within a
broader range of theoretical perspectives that address presence as a
multidimensional construct (presented in the sections below) with
potentially interrelated domains [2,4,17,18].
1.2  Domains  of  human  experience:  physical,  social,  self  
The content of our environment is integral to our interpretation
of the world and the subsequent amount of presence that is felt.
Chaffee [20] categorizes human experience into three broad
domains: the environmental, the social, and the self. Many
theoretical perspectives have mirrored this categorization, splitting
the domains of presence into similar trichotomies. This pattern of
division seems to arise because we use vastly different mental
models to judge our social, self, and physical environment. How we
evaluate a person existing and being sentient is different from how
we evaluate the non-sentient environment and ourselves existing
within the environment. In response to this assumption, many
theoretical perspectives split the domains of presence in a way
which parallels the three types of human experience as proposed by
Chaffee, recognizing the possibility that the phenomenology of
presence may still be unified. Others have developed frameworks
for presence that only pertain to one of the domains.
Heeter’s [3] personal, social, and environmental feelings of
presence are derived by a process of validation of the virtual self and
the virtual world. These types of presence rely on the sensory
channels presented by the virtual environment, action and feedback
being adequately represented, and the perceptual richness of the
environment (which would later be called immersive factors).
Biocca [5] theorizes that presence is split into three
distinguishable domains: physical presence, social presence, and
self presence. Presence under Biocca’s theory is the result of
simulation of the structure of experience, and mental models derived
from past patterns of energy in the sensory organs. This mirrors the
predictive processing account of presence described in Section 1.4.
Physical presence is the feeling of being located in a space, and is
transient because the location of focus (i.e on the physical, virtual,
or imaginary) can shift from moment-to-moment. This relates to the
focus and locus concept described by Waterworth & Waterworth
[6]. Social presence is said to occur when one feels as though “the
form, behavior, or sensory experience indicates the presence of

another intelligence.” Finally, self presence is the awareness of a
self-identity inside a virtual environment based on one's body
schema, body image, perceived traits, and physiological and
emotional states. Each of these domains of presence opens the door
for felt presence to be modulated by past experience as they are
enabled by pre-formed mental models in the respective domain, with
a comparative norm which is not stable. These domains are further
developed by Lee’s [18] explanation of the phenomenological
aspect of presence as a “psychological state in which virtual objects
are experienced as actual objects in either sensory or nonsensory
ways,” clarifying that during a virtual experience, the virtuality of
the experience needs to go unnoticed to some extent in order for an
individual to feel present. This perspective opens the theoretical
bounds of presence, meaning that presence is not only based on a
mental simulation of what is real (physical reality), but also what is
unreal (mediated reality).
When these perspectives are taken into consideration within
the context of each other, we observe that the definition of presence
can be expanded from “a sense of being there” to a broader
interpretation: a “sense of feeling real” as the result of mental
simulation of reality and media. Frameworks described in Section
1.4 provide a mechanistic account to this interpretation, which we
expand upon throughout Section 2, in which we present a
contextually influenced predictive processing oriented model for
establishment and maintenance of presence. Though this definition
of presence as a “sense of feeling real” is semantically similar to
what has been referred to as “reality judgment” [21], “reality
testing” [21,22] and “doxastic veridicality” [24], evidence supports
that these constructs are phenomenologically different and
psychometrically distinguishable [21].
1.3  A  mediated  phenomena  or  a  structure  of  
consciousness?  
Theories that envision presence as a psychological construct
often suggest that it is a phenomenon limited to mediated
experiences [2,3,4,24,25,26]. In contrast, others conclude that the
dimension of presence is constantly experienced regardless of
mediation, but contest that its nature may change in mediated
environments [4,5,27,28,29,30]. Coelho et al. [32] categorized the
difference as the “media presence” perspective versus the “inner
presence” perspective, dependent on the amount of mediation
necessary for the concept of presence to be applicable. Seth [7],
presents a notion of presence as a “structural component of
consciousness” in an effort to shed light on its nature and operations
in addition to the workings of the mind.
At the heart of the media presence perspective is the notion that
presence is either a sensory illusion [3,4,13] or a willful suspension
of disbelief [32,33,34]. Lee [18] rejects the notion of “illusion”
because of its negative connotation which implies that presence is,
at least somewhat, undesirable. On the other hand, the notion of
willful suspension of disbelief indicates that presence is a volitional
activity. As described in Section 1.4, presence is predominantly an
automatic perceptual process that can be aided by elements that
increase engagement and emotional involvement. The “belief”
indicated by a suspension of disbelief is more in line with the idea
of reality judgment, or the cognitive judgment that an experience is
real [21]. “Illusion” is an adequate descriptor in many cases, but is
not applicable to all instances of presence. Yet, we acknowledge that
many of the components of presence described by theories that use
this definition are helpful to understanding the construct in a broader
sense. Because of this, we do incorporate theories which use these
definitions, such as Psi, into an inner presence perspective.

Evolutionary perspectives seeking to understand presence and
why it occurs lend themselves to the “inner presence” perspective.
Relevant here is the distinction between subjective veridicality, or
the experience of perceptual content as real, and doxastic
veridicality, or the cognitive understanding that perceptual content
is real [24]. According to Reeves and Nass [33], the ability to feel
present while doxastic veridicality is absent -- or in other words,
while we understand what we are experiencing is not real -- comes
from the simple fact that throughout nearly the entire duration of the
human evolutionary timeline, subjective veridicality and doxastic
veridicality were one and the same. This resulted in the human
capacity to respond to mediated or simulated perceptions as if they
are real even though we cognitively know they are not real.
Differentiating events that occur within the self from those that
occur in the external world has also been postulated as a possible
evolutionary role of presence, allowing us to form rich mental
simulations in the mind while understanding that they are not real
[19]. Presence also plays an essential role in survivability by
informing us when the environment is unfamiliar and identifying the
source of this unfamiliarity so that we can commit more cognitive
resources and attention to new stimuli automatically
[36,37,38,39,40].
1.4  Layered  frameworks  of  presence  
Distinguishing presence into different domains dependent on
the content displayed is useful, as the mental models we use to judge
these types of content should be very different. However, many
theoretical frameworks which attempt to outline the underlying
mechanisms enabling presence view the construct as generative of
layered models and processes. The predictive processing account of
presence, outlined in this section, allows for a reinterpretation of
theories such as Pi and Psi. This would theoretically place Pi, which
is generated by SMCs, hierarchically lower than Psi, which is
determined by simulation of higher level models supported by
SMCs. By reinterpreting theories with layered structures, we can
provide an account for presence which is supported by a broader
range of theoretical views.
The perspective that presence is an “intuitive perception of
intentions in action” [41], and is used as a feedback mechanism for
the current condition of action, has lent itself to a forward-inverse
model of presence. In this model, intention is used to make a
prediction of the state of an object after intention is enacted, and then
that prediction is compared to the actual state of the object after
action is taken [42]. Here, the difference between the intention and
the perceived status of the object after action supports the idea of
proto, core, and extended presence [19], [42]. These types of
presence developed out of Damsio’s [43] theory which separates
self-consciousness into three categories: the proto self, which
neurologically maps the physical state of the self; the core self,
which is transiently generated from interaction between the self and
the world; and the autobiographical self, which neurologically maps
properties and traits learned about the self. Proto presence occurs via
the process of differentiating the self from the non-self through
motor action, and the comparison of perceived sensory information
to that of an internal sensory representation [19,44] -- though these
representations may be better explained by SMCs [15]. Core
presence is established by differentiating the self from the external
world using a comparison of a world-model to its own internal logic
[45], wherein two functional states are possible -- one in which the
core self is ‘online,’ synchronized to the external world and able to
make predictions about it; and the other in which the core self is
‘offline’ and able to model realistic scenarios from memory, which
theoretically occurs when dreaming or daydreaming [46]. Extended

presence pertains to anticipations of the future, long-term goals and
the tracking of their achievement, memory, learned abilities, and
more, playing the role of “verify[ing] the significance of the
experience for the self” [19]. As described by Riva et al. [47], the
Dynamic Theory of Intentions [48] aligns with proto, core, and
extended presence. M-intentions, or motor intentions, describe lowlevel, mostly unconscious maintenance of motor guidance,
supporting proto-presence. P-intentions, or present-directed
intentions, describe high-level conscious guidance and maintenance
of motor activities, supporting core presence. D-intentions, or
future-directed intentions, describe high-level intentions which act
as intra- and inter-personal coordinators of means and plans,
supporting extended presence. This model suggests that there is a
direct relationship between intentions, the affordances of an
environment [49,50], and the nature of felt presence. By extension,
this means that the nature of presence changes as media advance to
afford a wider range of actions within novel use cases.
The development of general theories of cognition and brain
function, namely the perspective termed “predictive processing”
which states that perception and cognition are a function of utilizing
past and present information to predict future events [35, 36, 37, 50,
51, 52], has spurred theories which shed light onto the possible
neural underpinnings of presence. This “free energy” framework
differs from classical views that postulate perception as a “bottomup” process in which detected features accumulate into a holistic
perception of objects and scenes. Predictive processing views
perception as the process of “top-down” predictive signals generated
by hierarchical generative models (HGM) being modulated by
“bottom-up” signals which result from errors in the prediction and
are sent to higher levels of HGMs. Under this framework, perception
and cognition are fundamentally designed to use information to
make predictions of the future [51], and perception itself requires
the autonomic creation of HGMs to predict sensory signals that
could originate from objects, scenes, people, and so forth [54].
These HGMs relate perception, action, and cognition, with higherlevel models grounded in lower-level models neurologically stored
in the area pertaining to their modalities. Abstract and contextual
information is derived from high-level HGMs; while concrete,
granular information is simulated in lower-level HGMs [52,54,55].
An important aspect of predictive processing is the reduction of
prediction error through both the modulation of HGMs that are the
source of the error (perceptual inference and learning), and action to
confirm sensory predictions concerning the object that is the source
of the error (active inference).
Sjolie [40] presents a framework where HGMs stored in the
neocortex form a subjective mental reality which is sustained by a
constant simulation of the environment [36], and formed in part by
interaction with and internalization of objects [57]. Presence, in this
framework, arises out of a synchronization between a person's active
subjective mental reality and the current perceived environment.
When a prediction does not match an input, information is then sent
to higher levels of HGMs, the effect of which depends on the extent
of the difference between prediction and input. This framework
stresses the importance of familiarity and its role in informing a
synchronization between perceived stimuli and HGMs that are used
to make sense of the environment. When unfamiliar content is
perceived, it puts stress on the current context of the environment
and requires more resources and attention. This leads to either a
shifting of the subjective mental reality, or an loss of
synchronization between the subjective mental reality and the
external environment. This results in a lack of presence [40]. Under
this theory, presence is the maintenance of sustaining familiarity

with reality. Following this, reality can then be defined by a
predictable environment [58]. What makes virtual reality so
effective under this assumption is immersive virtual content’s ability
to present stimuli that is familiar to preformed models, and the
human mind’s ability to form and change models in response to new
patterns of stimuli that are similar to those recognized by past
models.
Another theory that explains presence through predictive
processing is Seth’s [6,23] Predictive Perception account of
Sensorimotor Contingencies, which integrates sensorimotor
theories of perception into the model of predictive perception. This
model describes perceptual presence as the subjective veridicality of
experience -- or the experience of objects as real. This mirrors many
of the definitions of presence provided above, including the explicit
distinction between doxastic veridicality and subjective veridicality
[24], and parallels the distinction between presence and reality
judgment [21]. The sensorimotor account of perception is the idea
that perception is dependent on the mastery of sensorimotor
contingencies (SMC), which are mental models we apply to objects
to simulate the wider array of possible behaviors that those objects
can display in response to action [14,15,49]. The integration of these
two ideas has expanded the nature of the role of HGMs in predictive
processing to include the concept of counterfactually-rich
generative models (CRGM). Given a repertoire of possible action
yet to be executed, CRGMs encode both the values and precisions
of sensory signals likely to occur, and the likely causes of those
sensory signals, organized in the same fashion as HGMs [24]. This
integration more closely couples action with the nature of perception
(and by extension presence), lending support to the notion that a
“sense of being there” comes from the ability to “do there.” This is
in line with the notions of presence from Gamberini & Spagnolli
[13] and is inherent in establishing proto, core, and extended
presence [19]. However, this does not explain how the broader scope
of presence, including social and self presence among others, occurs
from a sensorimotor account of perception. This may be because
these constructs either stem from different levels of HGMs, or have
different dependencies that are CRGMs by definition but do not
stem from sensorimotor contingencies.

2.  Individual  experience  and  a  predictive  
theory  of  presence  
Considering these mediating variables, multiple measures,
definitions, and theories of presence within the context of each
other, we make the following observation: Neither the broad set of
theoretical nor conceptual frameworks take into account the role of
past experience and acquired knowledge of technologies or content,
the domain of the content perceived and its role in predictive
processes, nor the effect of context, despite the known effects of each
of these on felt presence. A theoretical model accounting for these
aspects, (when tested thoroughly) would make possible the
development of enhanced experimental designs for understanding
the functional components of presence in the context of the
impending wave of consumer VR technologies and novel use cases.
These will likely change perceptions of the technology used in

experimental designs by offering consumers the possibility of
repeated exposure to immersive virtual environments.
2.1  Media  and  reality  schemata:  a  proposal  
A common feature amongst many of the theories we have
described so far is that presence is an automatic perceptual process
dependent on, and generated by, cognitive simulations produced by
mental models. These models are described and have impact at
various levels, such as the role of body schema in the formation of
social presence [25], HGM [23,39,52] and CRGM [24]. We suggest
that this complexity can be productively reduced by focusing on the
characteristic features of mental models and their interaction with
the mechanistic components of presence while remaining agnostic
to any given theory or conceptualization. Therefore we propose the
concept of reality schemata (RS), theorized as the mental models
comprising subjective mental reality at all levels of specificity.
While a simplification, this concept retains the features of prediction
precision and precision weighting that are associated with predictive
processing. In regards to presence, a RS prediction must align with
an attended stimuli in order for presence to be supported.
“Precision,” in this framework, refers to the degree of alignment
required. Precision weighting describes the effect that a prediction
error has on inhibiting or supporting/maintaining presence.
As supported by “the media equation” [33], perceptions of the
technology enabling presence in mediated experiences may have a
lesser effect on the extent of presence felt relative to RS. Yet, our
perceptions of media need to be accounted for in any model of
presence, as they are a mediating variable [2,3,9]. To describe the
effect of interaction with media changing over time, Ijsselsteijn [59]
introduced the idea of media schemata (MS) or “knowledge
representations of what media are, and are capable of.” In our model
we suggest that MS be integrated into the predictive processing
framework of presence in instances where experience is at least
partially mediated. Under this proposed theoretical framework, both
mental models for a subjective mental reality (RS) and mental
models pertaining to media (MS) contribute to overall presence.
Evidence supports that MS play an inhibitory role in felt presence
[2,3,9]. Applying the principles of predictive processing to media
schemata provides that the precision of MS predictions is
determined by past experience with, and knowledge of, the current
medium. In generating felt presence, integration of the media
equation within our model suggests that the precision weighting of
such predictions is less than that of predictions made from RS [32].
A possible explanation as to why MS would have less weighting
than RS is that throughout human evolutionary experience, what
appeared to be real was in fact real [32].
2.2  Integration:  A  contextually  influenced  predictive  
processing  model  of  presence  
To address observations in sections 1 and 2 regarding emerging
technologies, novel use cases and the role of individual experience
in felt presence we propose an integrative and contextually
influenced predictive processing model of presence supported by
this broad range of theoretical and conceptual perspectives.

Figure  1:  Diagram  of  a  contextually  influenced  predictive  processing  model  of  presence  

Figure 1 presents the integration of the above theories
into a layered set of interrelationships within the theorized model.
From left to right, we have separated the model diagram into 3
parts (as shown in Figures 2a, 2b, and 2c), in order to describe the
interrelationships.

on the environment, the perceptual stream of sensory information is
reduced, decreasing the likelihood that the individual may feel
presence. These prerequisites must be maintained for an individual
to feel present within the environment; however, meeting these
prerequisites does not ensure presence is felt.

Figure  2b:  Part  2,  Developing  attended  stimuli  

Figure  2a:  Part  1,  Presence  prerequisites  

Part 1 of our model, shown in Figure 2a, represents the
relationships in Waterworth & Waterworth’s [6] theories which
maintain that for presence of any type to occur -- by virtue of
presence being a perceptual product -- an individual must be both
conscious and psychologically involved in the environment. When
an individual is focused on conceptual processing and not focused

Part 2 of the model, shown in Figure 2b, shows the
relationships between attention, context, cognitive relevance,
intention, and action. The layers that comprise context (narrative,
affect, and goals) influence both cognitive relevance and intention
(via goals). The relationship between context and the location of
attention is supported by cognitive relevance theory, which suggests
that objects are prioritized for attention based on an interaction
between cognitive knowledge structures and current task goals [59].
This relationship is further supported by evidence which shows that
hierarchical models (i.e. knowledge structures) inform attention

prioritization [60]. The layered structure from goal, to intention, to
action is supported by Riva et al.’s [42] forward-inverse model of
presence. Under this model, interaction between the environment
and the autobiographical self percolates into layers of intentions and
actions. Of particular interest for experiences within virtual
environments is the self’s interpretation of narrative. This
situationally informs what actions are appropriate [16,60] -- and
possible through sensorimotor contingencies (SMCs) -- when the
autobiographical self is not as established. This partial detachment
from autobiographical self occurs because we take on the
characteristics of agents we are embodied within [62]. An
individual’s intended actions must then be afforded by the
environment in order for presence to be supported [48,49]. The
principle of “free energy” for predictive processing of attention
suggests that the stimuli that do not align with cognitive knowledge
structures are avoided due to their production of uncertainty, as
uncertainty is naturally avoided [39,62]. When action is not afforded
by the environment, presence is inhibited in varying degrees
dependent on the level of intention that is not supported by the
environment [47].

structures) by encouraging their proliferation. This proliferation
may be enhanced if affect and goals become cohesive in narrative.
As previously described, presence is supported when attended
stimuli and reality predictions align or when media prediction errors
occur, and inhibited when reality prediction errors occur or when
attended stimuli and media predictions align. The difference in
precision weighing between media errors and alignments is
represented in our model through the deliberate placement of reality
prediction outcomes above media prediction outcomes.
This integrative model proposes presence as the psychoneurological process of maintaining a “sense of feeling real.” This
occurs when RS predictions align with the stream of attended
stimuli, outweighing RS prediction error and MS prediction
alignments. This process of prediction alignment takes place within
a larger system of relations that includes the intention-to-action
loop, contextual factors which influence the selection of RS and MS
predictions, psychological prerequisites for presence to occur,
attention, and cognitive relevance. The synchronization of
subjective mental reality with the external environment is a result of
the overall addition of prediction alignments and prediction errors
(including their precision weighting) [40]. This process is constantly
altered by action, attention, and context. All attended stimuli that
flow through the system either reinforce or inhibit the constant
establishment of presence, as a “sense of feeling real.” In summary,
individual differences in the formation of RS and MS and the
interpretation of context lead to the possibility that individuals may
experience varying degrees of presence even when exposed to the
same content.

3  Discussion  

Figure  2c:  Part  3,  Predictive  processing  for  presence  

Part 3 of the model, shown in Figure 2c, illustrates the roles of
predictive processing, reality schemata, and media schemata.
Attended stimuli update the current context, which is informed by
cognitive knowledge structures. When information does not fit
knowledge structures available in memory, knowledge structures
are either modulated, or new knowledge structures are created in
order to inform and understand the current stream of sensory stimuli
[37,52,62]. The model proposes that the selection of RS or MS in
their utilization for prediction formation is based on the same
cognitive relevance used to prioritize objects for attention. This is
supported by evidence that affect [48,63], narrative [13,16] and
goals [47] mediate felt presence. In other words, context informs
which RS and MS are appropriate in the formation of predictions for
both attention and presence. In this model, the observation that
affect increases memory for goal-relevant stimuli [65] indicates that
presence may also be enhanced by affect and goals coinciding,
resulting in the formation of more precise RS (as well as knowledge

In this model we have proposed a contextually influenced
predictive process that results in felt presence. Through being
centered on a “sense of feeling real” it offers a mechanistic relational
framework for phenomenological experience and can be applied to
many different theoretical and conceptual perspectives of presence.
It incorporates factors which have largely been ignored in previous
conceptual and theoretical frameworks by proposing how mediating
variables can be integrated into a model of presence. We also
highlight the importance of experience with, and knowledge of,
media and its content by proposing the Reality Schemata construct,
and articulating its relationships to Media Schemata. We suggest
that incorporating RS and MS within a single model is relevant for
addressing the changes in users’ formations of MS for VR and AR
technologies that were mostly novel to participants in previous
research designs, but which will cease to be novel with the advent
of ubiquitous consumer VR/AR, as well as a broad range of new use
cases for these technologies.
The model also presents the potential value of including
measurement of past experience with content and media within
experimental designs that research presence. This also has
implications for the design of virtual experiences. The model
advocates for the importance of the target demographics’ (or
experimental groups’) past experience with both the content of the
experience and the technology enabling it. This translates to a need
for understanding the media user’s extent of exposure to the content,
if user presence is a design goal. Future research would be required
to determine the extent to which virtual environments for
simulations need to be more exact in their representation of content
for demographics that have had more experience with the simulated
content. Or, if in the case of demographics that have had less
exposure to the content more abstractions can be used in the
content’s representation. An additional question is if abstract

interaction paradigms in line with the affordances of the
environment can be presented, without negatively affecting
presence in either case. Beyond this, the target demographic’s
previous experience with the enabling technology must be
considered. For demographics that have more experience with a
medium, either the medium needs to be plausibly integrated into the
experience, or attentional cues must be implemented to pull
attention away from stimuli that reveals the mediation of experience.
An approach to this can be to provide an affective narrative that
encourages the formation of goals which require action, that are in
turn afforded by the virtual environment in order to be achieved.
Our future work includes empirical research to validate the
proposed model. One task is to disambiguate how context directly
influences felt presence mechanistically. Another is investigating
the possibility that context drives attention, and does not directly
inform the selection of RS and MS but instead primes them for
prediction formation. Within the proposed model the effect of
context in the precision and precision weighting for predictions in
RS and MS is ambiguous. RS and MS could be selected based on
the nature of the schemata alone independent of their associated
precisions and precision weightings, or the precisions and precision
weightings of selected schemata could be influenced by context.
Future work will be required to provide the empirical evidence to
reveal the detailed nature of this interaction. Not included in our
model is an explanation of how attended stimuli and context can
require a person to be absent due to goals that require conceptual
processing and planning before action is enacted. Waterworth &
Waterworth [6] provide an adequate description of how this process
occurs. Additionally, the model currently does not offer an
explanation as to how individuals may differ in the formation and
modulation of RS and MS to fit novel environments, it only
articulates how they interrelate within regulating presence.
We offer this contextually influenced predictive processing
model of presence in hope of engaging the broader community
developing technologies and content for virtual, augmented and
mixed reality experiences in a dialogue on implementing designs
that take in to account the value of individual differences in
experience.
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