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Abstract 
Presence, flow, narrative absorption, immersion, transportation, and 
similar subjective phenomena are studied in many different 
disciplines, mostly in relation to mediated experiences (books, film, 
VR, games). Moreover, since real, virtual, or fictional agents are often 
involved, concepts like identification and state empathy are often 
linked to engaging media use. Based on a scoping review that 
identified similarities in the wording of various questionnaire items 
conceived to measure different phenomena, we categorize items into 
the most relevant psychological aspects and use this categorization to 
propose an interdisciplinary systematization. Then, based on a 
framework of embodied predictive processing, we present a new 
cognitive model of presence-related phenomena for mediated and 
non-mediated experiences, integrating spatial and temporal aspects 
and also considering the role of fiction and media design. Key 
processes described within the model are: selective attention, 
enactment of intentions, and interoception. We claim that presence is 
the state of perceived successful agency of an embodied mind able to 
correctly enact its predictions. The difference between real-life and 
simulated experiences (“book problem,” “paradox of fiction”) lays in 
the different precision weighting of exteroceptive and interoceptive 
signals.
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1. Introduction
Many different disciplines have studied how technology mediates 
experience, in particular cultural and aesthetic ones, like read-
ing a book, watching a film, or playing a game in virtual real-
ity. Over the years, the lack of cooperation across disciplinary  
boundaries has led to a research landscape characterized by 
related and overlapping concepts, like presence (Lombard et al., 
2015), flow (Csikszentmihalyi, 1990; Harmat et al., 2016), and  
narrative absorption (Hakemulder et al., 2017). Some of these  
concepts have been primarily introduced for activities not  
necessarily related to the mediation of cultural and technologi-
cal artefacts (e.g. flow; Csikszentmihalyi, 1990); some others  
have been introduced in relation to a specific technology  
(e.g. presence in virtual reality; Sheridan, 1992), and have been 
later acknowledged to be broader psychological phenomena 
not necessarily linked to the experience of a medium (Coelho  
et al., 2012; Mantovani & Riva, 1999). After thirty years 
of empirical research on the experiences described by such  
concepts, we attempt here to organize knowledge from various  
fields, ranging from neuropsychology, cognitive narratology, 
empirical aesthetics, communication studies, and media psychol-
ogy. Our main goal is to explain what cognitive and affective 
processes are activated when we feel “present” or “immersed” 
in a simulated world (virtual, imagined, or fictional). This is 
sometimes referred to – with different meanings – as the “book 
problem” (Biocca, 2003) or the “paradox of fiction” (Sperduti  
et al., 2017b; Walton, 1978). In order to provide a satisfactory 
explanation, we first clarify the relationships between simi-
lar phenomena labelled in different ways. Then, we present a 
new integrated model of presence and related concepts, based 
on predictive embodied cognition (Clark, 2016; Friston, 2012; 
Hohwy, 2013; Ramstead et al., 2020). We discuss its vari-
ous aspects in relation to both mediated (virtual, imagined, and  
fictional) and unmediated (“real-world”) experiences.

The common interest of the many disciplines that tackle the 
topic of presence revolves around two issues related to the pur-
suit of optimal interaction with the environment (including  
other agents). They can be synthetized as:

-    presence: how do we fit in the (real, virtual, or fictional) 
world?

-    social presence: how do we relate and respond to (real,  
virtual, or fictional) others’ intentions?

Moreover, in many cases, an additional goal of research is 
to describe experiences that grasp the attention for a rela-
tively long time (narrative absorption) and that are considered  
to be particularly rewarding (flow). Therefore, besides space 
and others, two additional important elements that we discuss 
are attention and time. Many people often refer to these kinds  
of experiences with metaphors such as “engaging,” “immersive,” 
or “absorbing,” but our theoretical investigation goes beyond 
the various linguistic expressions and investigates cognitive  
and affective commonalities and diversities among concepts  
and experiences.

Predictive processing (PP) is the framework of our model, 
grounded in a 4E conception of the mind: embodied, embed-
ded in the social context, extended into the environment, and  
enactive (Newen et al., 2018; Varela et al., 1991). Starting  
from this premise, we propose a model that integrates the  
concepts of presence, social presence, and narrative absorption, 
reconceptualizing them as spatiotemporal configurations of the  
subjective experience of an embodied cognitive agent. In brief,  
subjects experience presence when they are able to correctly 
and intuitively enact (i.e. without the involvement of reason-
ing) their implicit (predictive processing) and explicit (inten-
tions) embodied predictions (Kukkonen, 2020; Riva, 2018;  
Riva et al., 2015) (section 5.1).

In order to maintain a successful relation with the environ-
ment, organisms formulate hierarchical embodied predictions  
about their interaction with it on the basis of various  
multisensory stimuli (Riva, 2018): exteroception, the percep-
tual information originating outside the body; interoception, 
the sense of the physiological and emotional condition of the 
body; proprioception, the sense of the relative position of body  
segments; and vestibular input, the sense of body motion. In 
the case of mediated experiences, multisensory stimuli affect 
the enactment of predictions in different ways with respect 
to physical/digital tools (e.g. ball/video game) and symbolic  
tools (e.g. narrative). The main difference is related to the  
precision (a measure of the reliability of prediction errors 
and their relevance for updating the model generating predic-
tions) attributed to the different layers of embodied predictions  
(Kukkonen, 2019a; Seth & Friston, 2016): predictions related 
to physical/digital tools and physical/digital objects attribute 
higher precision to exteroceptive and proprioceptive layers  
and/or vestibular information, according to the activity per-
formed (section 5.3). Instead, predictions related to symbolic 
tools attribute higher precision to interoceptive information 
(section 5.4). This difference holds true also for the interaction 
with real, virtual, or fictional agents (section 5.5). Moreover, 
self-related variables, too, like intentions or point of view (ego-
centric or allocentric), influence the precision of the different 
layers and the different relevance assigned to them (section 5.2). 
Finally, in narrative the temporal unfolding of an experience, 
which is rooted in our body (Di Lernia et al., 2018; Richter &  
Ibáñez, 2021), makes interoceptive states (Wittmann, 2009) 
much more relevant than in other cases. Temporality affects 
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the enactment of predictions, consequently influencing the  
sense of presence (section 5.6).

In synthesis, our model is characterized by the following  
aspects:

-    It describes presence as a general psychological  
phenomenon related to different psychological functions:  
intentions and predictions, actual or simulated percep-
tion and action (Riva et al., 2015), attention oscillating 
between interoception and exteroception (Kukkonen,  
2019a).

-    It is based on an embodied predictive processing model 
of the mind that incorporates interoceptive information 
and the perception of the physiological condition of the  
body (Pezzulo, 2014; Seth et al., 2012).

-    Embodied predictions are framed in an evolution-
ary agentive account. On the one hand, they have a  
constraint in the agentive capacity of the subject; on 
the other hand, presence is used to minimize the level 
of free-energy through the correct prediction of extero-
ceptive/interoceptive inputs (Friston & Stephan, 2007;  
Riva & Waterworth, 2014; Waterworth & Riva, 2014).

-    It is valid for both mediated and non-mediated experi-
ences, and we provide examples of real-world action,  
virtual reality (VR), literature, and video games.

-    It does not multiply theoretical entities (e.g. real world, 
virtual world, mental imagery world, fictional world, 
text world) in order to account for the emergence of  
presence in relation to different media and situations.

-    It describes a hierarchical organization of psychological  
functions characterized by feedback loops, explicitly 
showing the connection between presence and simi-
lar phenomena that have been studied under differ-
ent names (narrative absorption, narrative engagement,  
transportation, immersion, flow).

-    It considers how the narrative organization of informa-
tion influences presence and is retroactively influenced  
by it.

-    It considers the dynamics of attention when breaks in  
presence and narrative absorption occur.

By bringing together expertise from different disciplines, we 
show, among other things, how research in literary theory and 
empirical aesthetics can help to understand social presence  
outside fictional contexts (e.g. presenting the role of narrative 
elements in activating the enactment of characters’ conscious-
ness), and how research in psychology and on VR can help to 
understand narrative absorption with stories and fictional char-
acters. To help readers follow this interdisciplinary dialogue, 
in Table 1 we provide a glossary of the main terms used in  
this article.

2. Methods
Before introducing our new model, we contextualize the topic 
under discussion within the various disciplines considered and 
outline areas of common interest (section 3). Then, we intro-
duce the results of a categorization of the items of the ques-
tionnaires most used in empirical research about presence and 
related concepts (section 4). We use these results as the basis  
to create a new theoretical model compatible with widely 
used empirical instruments. We look at the similarities among 
self-reported measures used to assess subjective experiences 
with books, VR, and other media (cf. Schlochtermeier et al.,  
2015). A general overlap of items, already acknowledged  
by Schubert & Crusious (2002), is a signal that similar kinds  
of experiences (or the same aspects of an experience) are stud-
ied in different fields, even though different names are used. 
That is, if the same questions are asked when participants 
use VR or read a short story, then either we are investigating 
a similar psychological phenomenon, or our instruments are  
badly calibrated.

Pianzola (2021) did a scoping review of the questionnaires 
used to measure presence, narrative absorption, immersion,  
and flow, highlighting similarities and overlaps in the wordings  
of items. Twenty-three questionnaires have been selected as 
the most used in empirical research since the year 2000, after 
screening 47 scales identified through three sources: the aggre-
gator Google Scholar, the bibliography of the International 
Society for the Empirical Study of Literature (IGEL), and the 
measurement guides provided by the International Society for  
Presence Research (ISPR). Looking at the overlap of question-
naire items is a good starting point to identify which aspects 
are intersubjectively acknowledged as central to psycho-
logical phenomena like spatial presence, social presence, and  
narrative absorption. Similarities between concepts are usually 
explored by looking at theoretical constructs (cf. Busselle & 
Bilandzic, 2017; Paiva de Oliveira et al., 2016; Reddy, 2016; 
Skarbez et al., 2017; van Baren & IJsselsteijn, 2004), but ana-
lyzing questionnaire items has the advantage of showing how  
the identification of psychological phenomena is operationalized,  
regardless of their different naming across various disciplines.

In section 5, we present a new integrated model of presence,  
social presence, narrative absorption, and flow, using the  
categorization of items introduced in section 4. We then focus 
on a few mediated experiences with VR and written narrative to  
exemplify how predictive processing can effectively explain 
the cognitive and affective processes related to presence,  
narrative absorption, and flow. We also discuss occasions in 
which such states are inhibited or interrupted, and eventually  
provide suggestions about how to empirically test our new  
model (section 6).

3. Theory
3.1 VR research and narrative research
The spread of presence-related research started in the 90s,  
when the term sensorimotor immersion was introduced in tel-
erobotics engineering to describe the kind of experience humans 
have when operating machines remotely, through technological  
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Table 1. A glossary of some of the terms used in this paper (alphabetic order).

Active inference A specific version of PP according to which organisms minimize prediction errors by performing actions that confirm sensory predictions.

Attention Sensory selective attention operates by selecting (automatically, exogenous att.; voluntarily, endogenous att.) certain stimuli over others. Cognitive and physical 
resources are allocated by focused attention based on the prevailing task demands. Depending on the kind of activity, these processes can require sustained 
attention in order to extend over a relatively long period of time.

Enactment A model according to which cognition and emotions emerge from the continuous interaction between an acting organism and its environment.

Exteroception Signals originating in the external environment and perceived through the senses.

Flow A subjective-phenomenal state that can emerge while performing an activity, characterized by intense and focused concentration on the present moment 
and by perception of the activity as intrinsically rewarding. A crucial aspect for its emergence is the optimal balance between an agents’ skills and the 
challenge posed by the activity.

Free-energy 
principle

A formalization of the dynamics according to which organisms resist a natural tendency to disorder by remaining in non-equilibrium states that allows them 
to adapt to a constantly changing environment. This happens by self-limiting the number of physiological and sensory states in which an organism can be 
(free-energy minimization). Minimizing free-energy corresponds to explaining away prediction errors.

Immersion A subjective-phenomenal state characterized by rich sensory stimuli (and often also perceived possibility of action) in a real, virtual, or imagined 
environment. Sensorimotor immersion is sometimes considered to be a prerequisite, or a constitutive part, of the sense of presence in mediated 
experiences.

Intention A formulation of the conditions that must be met by an action to be satisfactorily performed. Intentions can have different extent: Motor-intentions 
coordinate the simplest motor actions; Proximal-intentions are at the basis of actions directed towards objects, agents, or states in the surrounding 
environment; Distal-intentions concern actions towards objects, agents, or states in possible (real, virtual, or imagined) worlds.

Interoception Signals originating in the body and perceived through visceral and autonomic receptors of the nervous system.

Mediation The use of a physical or symbolic tool (including language) to perform an action: directly on an object (first-order mediation) or to control one or more distal 
tools to perform an action on an object (second-order mediation; e.g. using a gamepad to control an avatar).

Narrative Normally conceived as a sequence of events linked by temporal relations. In this paper we conceive it is a mode of cognition in which temporality is a 
dominant factor in the processing and organization of perception.

Narrative 
absorption

A subjective-phenomenal state that can emerge during narrative experiences and that is characterized by a heightened sense of focused attention, 
transportation into the fictional world, emotional engagement with characters, and activated mental imagery. Similar concepts are “narrative transportation” 
and “narrative engagement”.

Precision A measure of the reliability of predictions and prediction errors, which is used to control the relative influence of bottom-up prediction errors and top-down 
predictions, and the consequent updating of beliefs. Prediction errors with high precision have a greater impact on the reconfiguration of conditional 
expectations.

Predictive 
processing (PP)

A cognitive model that conceives perception as (Bayesian) probabilistic inference on the causes of incoming signals.

Presence A subjective-phenomenal state usually defined as the “perceptual illusion of non-mediation” or expressed metaphorically as the sense of “being there” in 
some place. Here, we conceive it as the state of perceived successful agency of an embodied mind able to correctly enact its own predictions.

Social presence A subjective-phenomenal state emerging from the correct enaction of predictions regarding the actions and intentions of other agents. This process 
reinforces the agent’s self-perception as capable of existing in relation to a continuously changing environment populated, and acted upon, by other 
agents. 

Page 5 of 37

O
pen Research Europe 2021, 1:28 Last updated: 04 AU

G
 2021



interfaces, or when interacting with computer-generated  
virtual environments. Sensorimotor immersion is characterized  
by three features: the extent of sensory data, the control of  
sensors, and the ability to modify the environment (Sheridan,  
1992). For instance, VR is often considered an immer-
sive medium inasmuch as it offers audiovisual data spatially  
organized all around the user, who can often use controllers  
to interact with objects in the VR space. Thus, in this context,  
immersion is a term used to refer to the technical qualities 
of the medium. Consequently, later VR research on presence 
– which is a concept referred to a subjective experience, not a 
property of the medium – has frequently over-emphasized the 
role of technological variables. A widespread belief – attested 
in the self-reported measures used to assess presence (e.g.  
Lessiter et al., 2001; Lombard et al., 2000; Witmer & Singer, 
1998) – is that the more the interaction with a VR medium 
is perceived as realistic and natural, the higher the sense of  
presence is.

Another influential model of presence related to this conception 
is the one introduced by Mel Slater (2009); Mel Slater (2018).  
In this model, presence in virtual reality is “the extent to which 
people respond realistically within a virtual environment, 
where response is taken at every level from low-level physi-
ological to high-level emotional and behavioural responses”  
(2009, p. 3555). This perspective, also known with the acro-
nym RAIR (response-as-if-real) is the result of two different 
illusions: Place illusion (PI), the “qualia of having a sensa-
tion of being in a real place,” and Plausibility illusion (Psi), 
the illusion that the scenario being depicted is actually occur-
ring. A corollary of the RAIR vision is that is impossible to  
experience more presence in doing the same thing in virtual 
reality than in reality. However, as Villani & colleagues (2012) 
showed, a virtual experience could elicit a higher sense of  
presence if its meaning and emotional engagement are higher 
than in a real-life experience. In other words, presence is a  
multi-faceted construct also involving personal expectations 
and meaning attribution (Riva & Mantovani, 2000). This is 
also true for reading fiction, when readers can perceive a strong 
sense of presence in a story world that they imagine (Biocca,  
2003; Schubert & Crusious, 2002).

To accommodate the variety of experiences in which we 
can feel presence, a three-poles model has been proposed in  
contrast to the dichotomic view of real world vs. virtual worlds. 
Beside real space and virtual space, the third pole of presence is  
that of mental space – emerging while reading, dreaming, or 
hallucinating – in which we can feel present like in a real or  
virtual world. The introduction of the concept of mental space 
is a step forward towards a more comprehensive account of  
presence – although we think it is not necessary (see section 3.2  
below) – and it is also an acknowledgement of the existence 
of a research tradition that investigates phenomena similar 
to presence occurring with narrative artefacts like novels and  
films (Gerrig, 1993; Green et al., 2002). Indeed, the concept 
of presence has sometimes become explicitly part of attempts 
to describe the phenomenology of narrative experiences  
(Kukkonen, 2014; Kuzmičová, 2012), or included as one of the 
dimensions of the broader concept of narrative engagement  

(Busselle & Bilandzic, 2009). In other cases, similar con-
cepts like transportation (Green & Brock, 2000; Kuijpers et al., 
2014) and real-world dissociation (Jennett et al., 2008) have  
been used.

A second strand of VR research suggests that presence is a 
broad psychological phenomenon related to the control of the  
individual and their1 social activity (Baños et al., 2000; Lee, 
2004; Mantovani & Riva, 1999; Riva et al., 2011; Riva et al., 
2015; Waterworth & Riva, 2014). More specifically, subjects are 
present when they are able to intuitively enact their embodied  
predictions (Biocca, 1997; Riva et al., 2015). In this sense, pres-
ence is a basic cognitive and affective process, but it is also  
conceived as a scalar concept, occurring with various degrees 
of intensity. In a similar fashion, accounts of human interaction 
with robots and virtual agents shifted from a focus on realistic 
visual appearance to models based on consciousness attribution  
(Stein & Ohler, 2017). Recent cognitive narrative theories, 
too, explain our engagement with narrative in terms of enact-
ment and consciousness attribution to characters (Caracciolo,  
2014; Kukkonen & Caracciolo, 2014; Kukkonen, 2019b). This 
broadening of theoretical scope pursues a stronger explana-
tory power by acknowledging the general evolutionary role 
of presence (cf. section 5.1), but presence remains a concept 
particularly useful for research on cultural and technological  
mediation, like with narrative and VR.

Note that the sense of the term “presence” that we described 
is different from “perceptual presence”, as conceived in phi-
losophy (Merleau-Ponty, 2012; Noë & O’Regan, 2000), i.e. the  
perception that objects exist as multidimensional and exter-
nal to the mind, not just as a “perspectival take” on an external  
scene (e.g. a picture). In research on mediated experiences, 
presence is a subjective-phenomenal state, whereas in philoso-
phy it is objects that are present to our senses, i.e. they are viv-
idly perceivable. There is sometimes a theoretical confusion  
between these two meanings of “presence”, also because of 
influential scholars like Biocca (2001), who used the term  
“perceptual presence” for “telepresence”, and (Noë, 2004, pp. 
134–135), who used “virtual presence” for “perceptual pres-
ence”, in the sense of mental access to non-visible part of an 
object. For the purposes of this article, we consider “pres-
ence” as a subjective phenomenal state that can emerge with or  
without mediation.

3.2 The “book problem” and the “paradox of fiction”
A critical issue to consider for mediated experience is whether 
there is a difference between presence (often called “immer-
sion”, in these contexts) in relation to a world displayed in  
VR, where users can often interact with it, from presence in 
relation to narrative, which concerns the way a story is told 
and the imagined world it elicits. In other words, shall we 
distinguish immersion in a story world (Ryan, 2015) from  
immersion in a VR world (Witmer & Singer, 1998)? The intui-
tive fact that people can perceive a strong sense of presence in 

1 Throughout this article we use the gender-neutral singular pronoun “they”.
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an imagined world created on the basis of a very simple sensory 
stimulus like words on paper is known in VR research as the 
“book problem” (Biocca, 2003). Empirical research highlighted  
some interesting differences related to this issue.

Baños & colleagues (2005) found that subjects who were asked 
to imagine a park felt initially more present in it, compared  
to subjects to whom a park was shown in a CAVE virtual  
environment, even though very few spatial cues were given 
in the imagery condition, which was mostly focused on mood  
induction (happiness vs. sadness). However, the sense of pres-
ence increased over time in the VR condition and decreased 
in the imagery condition. In a different study, Gorini &  
colleagues (2011) tested whether VR and/or a meaningful  
narrative context could influence users’ sense of presence. Their 
results show that both VR and narrative contribute, in different  
ways, to elicit a sense of presence: VR increases place illusion, 
while narrative contributes to generating an emotional response 
and strengthening the subjects’ ongoing sense of presence.  
These results suggest that both VR and narrative are effec-
tive in eliciting a sense of presence, but for narrative it seems 
important that attention is not interrupted, in order to avoid  
breaks in presence. For instance, when the same story is read 
without distractions in print or in VR, the combination of  
written text with a 360 degrees picture (VR condition) can  
induce a higher sense of spatial presence (Pianzola et al., 2019).

Another experiment comparing the sense of spatial pres-
ence elicited by different writing styles (Gysbers et al., 2004)  
found that the baseline version of a text (e.g. “The entrance 
hall with a dark, wooden floor, decorated with a dark red  
carpet, holds a warm atmosphere, although there are only a few 
objects in it”) was associated with higher levels of presence  
compared to manipulated versions of the same text, to which 
more spatial cues (e.g. “It is 30 meters long, 15 meters wide 
and five meters high”) or instructions to imagine the space  
(e.g. “Try to imagine this floor as precisely as possible”) were 
added. To us, the basic text stimulus seems to invite a narrative  
experience more than the two other versions, which may be 
perceived as part of a memory or imagination task. This kind 
of text manipulation suggests once again that uninterrupted  
narrative progression can increase spatial presence.

To solve the book problem, Biocca suggests that “books achieve 
their levels of presence by making heavy use of the imagery 
space to ‘fill in’ the spatial model cued by the book. The  
details of the egocentric spatial model generated by the book are 
generated largely from memory. So in some ways, the presence 
of books contains components of the virtual space and imagery 
space, but unlike an immersive 3D virtual environment, there is 
a higher component of imagery space” (Biocca, 2003, p. 9). The  
blending of various spatial models could be a viable solu-
tion, but it is a bit of a stretch to consider the spatial model  
cued by the book as similar to an actual 3D virtual space, espe-
cially because visual mental imagery is not the only kind 
of mental imagery deployed in reading (Esrock, 1994). It is  
not necessary to postulate a mental imagery space, since all  
cognitive spatial models are embodied mental simulations, thus 

partly generated recurring to previous experiences like memo-
ries and sensorimotor scripts (Clark, 2008). Accordingly, in 
contrast to Biocca, Turner (2014) suggests solving the book  
problem by adopting one of three possible explanations: simula-
tion theory (Jeannerod, 2001), emulation theory (Grush, 2004), 
or mirror neurons theory (Rizzolatti & Sinigaglia, 2008). Indeed,  
discoveries about brain activation during embodied simula-
tion processes and the predictive processing model of the mind 
weaken the distinction between mediated experiences based 
on audiovisual-interactive stimuli and those based only on a  
verbal stimulus. We do not actually move our body while  
reading about the fictional character Don Quixote riding a 
horse, but our brain activation of sensorimotor areas is not 
that different than if we were actually riding a horse (Speer  
et al., 2009; Wilson-Mendenhall et al., 2019).

The “book problem” is similar to what has been called the 
“paradox of fiction”, that is the fact that we respond emotion-
ally to stimuli that we know are fictional and, therefore, are not  
supposed to affect us personally (Sperduti et al., 2017b; Walton,  
1978). Makowski & colleagues (2019) presented preliminary  
evidence that our emotional response system works in the 
same way regardless of the nature of the stimulus, but emotion  
regulation “is at stake whenever engaging into fictional  
experiences, such as movies, books, video games, virtual envi-
ronments, and possibly extending to memories and thoughts, 
to help us manage our emotional reaction (“it’s just a movie, 
it’s not for real”; “this video depicting a dramatic car crash 
must be a fake”)” (Makowski et al., 2019, p. 878). Emotion 
regulation in fictional – as opposed to real-world – contexts  
is an important area of inquiry closely related to presence.

Another issue related to the book problem is the “perceptual  
presence problem” (Noë & O’Regan, 2000), that is our  
perception of objects as multidimensional despite the fact that 
we can only perceive a limited portion of them at a time. This  
“problem” is relevant for virtual/fictional/imagined objects, 
as well: how can we perceive them as vividly “existing” when 
we know they are not real? An interesting solution has been 
proposed by Seth (2014) through the Predictive Processing  
SensoryMotor Contingencies model (PPSMC), which includes 
counterfactual probability, unlike standard predictive processing 
models (e.g. Rao & Ballard, 1999). According to Seth (2014); 
Seth (2015), a vivid perception of objects is related to counter-
factual richness, i.e. predictions about potential (but not nec-
essarily executed) sensorimotor relations2. In other words, we 
continuously make predictions about fictive (imagined) inputs, 
even when interacting with real objects. The more counterfac-
tual predictions we make, the more our perception feels vivid. 
In this light, fictive stimuli are less “real” because they elicit  
counterfactually-poor predictions (Seth, 2014; Seth, 2015). 
The gap is due to the lack of abundant data that could elicit 
predictions, because fictional, imagined, hallucinatory, and  

2 Note that counterfactual predictive processing does not entail any representative 
content, it can also be conceived as a form of enactive inference, i.e. as 
a way of actively testing possible connections between internal states of  
the organism (cf. Ramstead et al., 2020).
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virtual worlds are structurally indeterminate, inasmuch as they  
provide only a limited amount of sensory data. For instance, in 
a novel there is a fixed number of words describing the appear-
ance of the protagonist; and the way we can interact with an 
object inside a video game is determined by the number of  
megabytes encoding its game mechanics. The limitation of the 
PPSMC account is that it downplays the role of active infer-
ence and imaginative skills – which can compensate for the lack 
of sensory data – and that of contextual information not directly 
related to the stimulus, like the familiarity with genre conven-
tions for certain books, or the personal relevance of certain  
inputs (see section 5.6; cf. Parola et al., 2016). In our view, 
intentions and interoception related to cultural processes can 
be as important, if not more, than exteroception, and thus  
generate a rich array of counterfactual predictions, which can 
make fictive, represented situations “look real”. Conceptualis-
ing the role of active inference and intentions in the mediated, 
fictional contexts of VR and reading literature, as they relate to  
presence, will contribute to a better understanding of the  
“perceptual presence problem” in fiction.

To sum up, in the framework of PP, the way interactive and 
non-interactive mediated experiences affect our spatiotemporal 
perception may not require distinct concepts, despite differ-
ent theorizations. Regardless of the context or use of media, 
presence and narrative absorption are phenomena based on 
embodied predictive processing. In our view, the book prob-
lem can simply be solved in terms of a shift in the precision of  
embodied predictions towards interoception, rather than exte-
roception, i.e. towards the inner bodily states elicited by read-
ing rather than the perception of external stimuli (Kukkonen,  
2019a; see Quadt et al., 2018 for the distinction between inte-
roception and exteroception in a PP framework; and see  
section 5.2 here). Evidence of the closeness of the various expe-
riences of presence in different contexts is the similar wording  
used in questionnaires, as we show in the next section.

4. Measures and conceptual relations
Both presence and narrative absorption are multidimensional 
constructs – depending on the definitions, presence can sub-
sume “spatial presence”, “social presence”, “realism/ecological  
validity”, “engagement”, or other variations of these concepts  
(Skarbez et al., 2017), and the questionnaires created to grasp 
these two states use very similar items. For instance, the  
narrative absorption item “When I was finished with reading 
the story it felt like I had taken a trip to the world of the story”  
(Kuijpers et al., 2014) strongly resembles the spatial pres-
ence item “After my experience of the displayed environ-
ment, I had a sense that I had returned from a journey” (Lessiter  
et al., 2001). The Sense of Presence Inventory (ITC-SOPI) by  
Lessiter and colleagues is a scale developed for cross-media 
use, hence it includes items covering both interaction and emo-
tional involvement related to the perception of time. However,  
similarities and overlaps are quite frequent even between  
questionnaires with a narrower scope. Table 2 summarizes these  
overlaps between items, our categorization, and the psychologi-
cal phenomenon that we associate with it. A complete list of the 
grouped items (n = 308) and a more detailed discussion of the  
similarities can be found in (Pianzola, 2021).

Items inquiring about attention and the perception of time are 
the most frequent ones, together with items about the emotional 
impact of the mediated experience. “Space”, “agency”, and 
“realism” are the categories most often associated with a sense 
of spatial presence. Many theorizations of presence consider 
visual realism and naturalness of interaction as core aspects, but 
broader psychological conceptions (cf. section 3.1 and section  
5.1) and a large-scale collaborative project (Hartmann et al., 
2016; Vorderer et al., 2004) have excluded realism from the 
subdimensions of presence, keeping only “self-location” and  
“possible action” as core dimensions. Inquiring about the real-
ism of computer graphics – but also about the vividness of the 
imagery elicited by a book – is a way to check how similar the 
mediated/imagined experience is to a non-mediated one. These 
comparisons do not seem to help to explain the underlying  
psychological processes that bring to the emergence of a sense 
of presence. For example, they cannot explain how a virtual 
experience could elicit a higher sense of presence than a real  
one (Villani et al., 2012).

The label “social presence” can describe the second macro 
group of items identified. The basic principle at stake is that 
perceiving the existence of other agents can affect our sense 
of spatial presence. Another aspect is that our perception and  
experience can be intensified when interacting with (real or 
fictive) others or following their actions. Noticing the exist-
ence of others, interacting with them, and responding to and  
understanding others’ mental states are all aspects informing  
social presence. Items associated with social presence often 
co-occur with spatial presence items and seem to entail spa-
tial presence as the basis on top of which social presence can  
emerge. These conceptualizations interpret social presence as 
a form of spatial presence in co-participation. Indeed, spatial 
presence seems to be part of all the other phenomena consid-
ered, since its items often appear in questionnaires about flow 
experiences, narrative, and games. In the case of flow, con-
sistently with the original theorization by Csikszentmihalyi  
(1990), there is always the addition of a specific group of ques-
tions inquiring about the sense of challenge offered by an expe-
rience. Lastly, narrative absorption is characterized by spatial  
presence and social presence with the characters of a story, with 
the addition of imagery, the feeling of suspense triggered by 
narrated events, and the comprehension of the content of the 
story. The latter aspect is sometimes articulated in terms simi-
lar to that used for flow, namely the challenge offered to the  
audience.

The review presented suggests a possible cross-disciplinary 
systematization of the various concepts (Figure 1). Atten-
tion and an altered perception of time are common to all  
the considered phenomena. Spatial presence is the phenomenon  
at the core of all mediated experiences and concerns spatial  
location and agency. Social presence and narrative absorp-
tion are phenomena of increasingly broader scope, each of 
them including the phenomena of narrower scope. Flow is a  
concept specifically related to the balance between a person’s 
skills and the complexity of a perceptual stimulus, thus it can 
characterize all kinds of experiences. In the next section, we 
present a model compatible with this categorization, integrating  
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Table 2. Categorization of items (n = 308) from presence, flow, game, and narrative questionnaires (reproduced with 
permission from Pianzola, 2021).

Total 
items

Scales 
with item Item type Category Main psychological 

phenomenon

23 11 Attention (no external thoughts)
Attention Attention

17 9 Attention (no external perceptions)

18 11 Time distortion Time –

17 9 “Being there” (feelings and perceptions, not 
thoughts)

Space

Spatial presence

8 5 Realities overlapping

6 3 Closeness of story world

7 6 Return to reality

5 5 Being part of the action (also partly overlaps with 
“being there”)

10 5 Possibility of action in space

Agency
6 4 Control of content

5 3 Control of medium

9 6 Naturalness/fluency of medium use

14 6 Perceived realism Comparison

5 2 Attention to another agent Attention

Social presence

5 4 Co-location with another agent Space

24 4 Mind reading Cognition

5 2 Behavioural response to another agent Agency

13 7 Matching of another agent’s emotions
Emotion

4 3 Feelings for another agent

6 5 Connection with another agent Emotion/Cognition

16 6 Understanding of another agent (perspective 
taking, cognitive empathy) Cognition

12 7 Challenge Cognition Flow

8 4 Vividness of imagery Comparison

Narrative absorption14 7 Comprehension of content Comprehension

9 6 Suspense/anticipation Emotion/Cognition

18 10 Emotional response to medium/content Emotion Emotional impact

14 7 Explicit use of involvement/engagement terms
Metaphor –

10 9 Explicit use of absorption/immersion terms

previous research on the psychology of VR and communica-
tion – by Riva and Mantovani (Riva, 2018; Riva et al., 2015; 
Riva & Mantovani, 2014) – and on narrative – by Kukkonen  
(2020) and Pianzola (2018).

5. New model
5.1 Spatial presence
According to PP the brain continuously updates a model of the 
relations between the body and the space around it, generating 
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predictions about the expected sensory input (probability) 
and trying to minimize the number of prediction errors. More  
specifically, our brain functioning can be explained with a 
hierarchical generative model that performs a Bayesian form 
of inference elicited by the available sensory data, generat-
ing sensorimotor hypotheses (predictions) about the most  
likely causes of the data.

Predictions are mainly simulations of bodily states and include 
visceral/autonomic (interoceptive), motor (proprioceptive and 
vestibular), and sensory (e.g., visual, auditory) information 
(Riva, 2018). Moreover, embodied simulations reactivate mul-
timodal neural networks, which have produced the simulated/
expected effect on previous occasions. PP works not only for 
actions but also for language and affect (basic emotions, feelings,  
moods, etc.). When we use language, a group of distributed 
multimodal patterns of activity across different populations of 
neurons (motor, somatosensory, limbic, and frontal areas) that 
support the achievement of a goal are activated. Accordingly,  
the simulation of a concept or a situation described through  
language involves their re-enactment in modality-specific brain 
areas. In a similar way, the brain also uses emotion concepts  
to categorize sensations by correctly anticipating (predicting 

and adjusting to) incoming sensations and using past experi-
ences of an emotion to categorize the predicted sensory array 
and guide action (Barrett, 2017; Seth, 2013; Van de Cruys, 
2017). As suggested by Seth & Friston (2016): “emotional con-
tent is determined by beliefs (i.e. posterior expectations) about 
the causes of interoceptive signals across multiple hierarchical  
levels” (p. 5).

One of the first accounts of presence in terms of PP has been 
proposed by Seth et al. (2012), for whom “presence is the result 
of successful suppression by top-down predictions of informa-
tive interoceptive signals evoked (directly) by autonomic  
control signals and (indirectly) by bodily responses to afferent  
sensory signals” (p. 2). A tightly related and complementary 
state is agency, which emerges from successfully embodied  
predictions about exteroceptive and interoceptive signals  
mediated by the sense of presence. Agency is functionally local-
ized at a higher hierarchical level than presence, so that predic-
tion errors related to presence influence the sense of agency, 
while predictions and prediction errors concerning agency do 
not intervene in the perception of a sense of presence. Seth and  
colleagues reverse the relation acknowledged by the major-
ity of research, according to which agency is a subdimension 

Figure 1. Visual representation of the hierarchical relations between spatial presence, social presence, narrative absorption, 
and flow. Phenomena of wider scope include phenomena of narrower scope as subdimensions, but social presence is not strictly necessary 
for the emergence of narrative absorption, although it is often involved. White dashed lines represent feedback loops between phenomena 
of different scope, meaning that phenomena of higher order can intensify phenomena of lower order: e.g. elements contributing to the 
emergence of narrative absorption (like, suspense) can intensify the sense of spatial presence. The subtypes of presence and social presence 
(proto-, core-, extended-) are also represented, ordered by the extent of their scope (cf. section 5.1 and Section 5.5). Focused attention is 
the precondition for the emergence of all the represented phenomena. Peripheral experience is outside the scope of selective attention, 
but it can nevertheless intervene in the emergence of presence-related phenomena, for instance when the crowd is cheering to support 
an athlete’s performance (cf. section 5.4).
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of presence, thus located at a lower hierarchical level (see  
Table 2 above). The problem is that, in this way, agency can 
constrain predictions about presence, because “low-level  
perceptual content is determined via a cascade of predictions 
flowing from very general abstract expectations which con-
strain successively more detailed (fine-grained) predictions”  
(p. 6). But we will show that predictions related to presence 
can be successfully enacted even in the case of prediction 
errors related to agency (see section 5.4). In our model, pres-
ence is hierarchically higher and can constrain the percep-
tion of agency, namely an agent can feel present even though  
they fail in enacting some motor and proximal intentions.

We conceive presence as a neuropsychological phenome-
non whose goal is to generate in the embodied self a sense of 
agency (Riva et al., 2015) that supervises predictions related 
to both exteroceptive and interoceptive perception (Figure 2).  
An agent feels present when they are able to correctly and 
intuitively enact their embodied predictions. Thus, pres-
ence is a general embodied cognitive state, not entailing any  
specific object or location (Seth et al., 2012). It is rather an 
expression of the self-perceived skilful agency of an embodied  
mind, and it is hierarchically higher than agency.

In this view, the sense of presence can be considered as an  
evolutive tool used to track the difference between predicted  
sensations and input coming from bodily stimuli, both external  
and internal (Riva et al., 2015). The extent of this differ-
ence corresponds to the degree of self-perception as a skil-
ful agent: the smaller the difference, the stronger the sense of  
presence. In order to achieve the goal set by their intentions 
(both pre-reflexive and conscious) successfully, an agent tries  
to correctly predict their own behaviour and overcome any 
breakdown in their activity. Accordingly, this leads the agent 
to often look for situations that are likely to increase the chance 
of successful action (Csikszentmihalyi, 1990). The rationale 
behind this evolved capacity is the achievement of effective 
free-energy minimization (Friston & Stephan, 2007). And the  
rate of error minimization over time, if steady and connected to 
relevant intentions, may induce “a sense of properly function-
ing bodily and sensorimotor systems”, which can be experi-
enced as emotional states (Riva et al., 2007; Van De Cruys, 2017; 
cf. Makowski et al., 2017) and is usually described as “flow”  
(Csikszentmihalyi, 1990). Presence is a cognitive tool that sig-
nificantly contributed to our evolution as a species, in terms  
of both our sensory coupling with the environment and our 
social and cultural relations with other agents. The evolved abil-
ity to perceive a more intense sense of presence helps agents 
to develop a more complex self and to enact more complex  
intentions.

The process of minimization of the level of free-energy through 
the correct prediction of incoming exteroceptive/interoceptive 
inputs has two clear evolutive goals (Riva & Waterworth, 2014;  
Waterworth & Riva, 2014): on the one hand, the self uses it 
to overcome any threat or breakdown in its activity (break 
in presence); on the other hand, the self looks for activities 
that maximize the agent’s environmental and social fitness.  

Bruineberg & Rietveld’s (2014) notion of “optimal grip” indi-
cates a conceptual link between free-energy minimization  
and flow, as an optimal experience that emerges when master-
ing the challenges of an environment. By cultivating optimal 
experiences, the subject is able to express, enact, and recognize 
increasingly more complex intentions. This is achieved through 
the successful use of new tools and the successful exploration of  
new spaces, including simulated spaces (virtual, imagined, 
and fictional). The enactment of predictions is not limited to 
non-mediated bodily experiences, it also occurs through physi-
cal or digital tools, as well as through symbolic and cultural 
ones (Riva & Mantovani, 2014). For instance, as suggested by  
Slater (2009); Slater (2018), a VR world mimicking the “real 
world” will be designed to let an agent predict the sensory con-
sequences of their movements, providing in response the 
same scenes and effects they would see in the “real world”  
(see section 5.3). However, understanding how a sense 
of presence emerges in various situations also requires  
understanding the link between agency, intentions, and the tools  
used to enact them.

5.2 Agency, intentions, and presence
The American philosopher John Searle, in his cognitive  
approach to agency, defined action as the sum of two com-
ponents, intention and movement (Searle, 1983). Intention 
“describes” the conditions that must be met by the action 
to be satisfied. Movement concerns the means by which the  
success of the intention is verified. There is a direct link 
between Searle’s definition and the concept of presence: inten-
tions can be defined as predictions of action-effects (agency)  
that activate and guide our movement.

As Searle noted, not all intentions are the same, and this has 
important implications for mediated experiences. When I move 
my body (intention-in-action), the action itself is the condi-
tion of satisfaction, i.e. my intention to move my hand is  
satisfied if I can move my hand. When intentions are ori-
ented towards external objects, they are satisfied by the overlap  
between the intentional disposition (prior intention) and the 
result of the action, i.e. my intention to take an apple is sat-
isfied if I move my hand, and the hand grasps the apple. In  
addition, as emphasized by Bratman (1987) and Pacherie  
(Mylopoulos & Pacherie, 2019; Pacherie, 2006; Pacherie, 2008), 
prior intentions can be further distinguished in present-directed 
(proximal) and future-directed (distal) intentions according to 
the moment in which the intention will be satisfied, i.e. now  
or in the future. This aspect is crucial in narrative, e.g. because 
the audience always makes distal predictions about the outcome  
of a story (cf. section 5.6).

Another difference in prior intentions was suggested by The 
Centre for Cognitive Sciences in Turin, Italy (Bara et al., 2011;  
Ciaramidaro et al., 2007), namely between “private inten-
tions” and “social intentions”. Private intentions are all of the 
prior intentions that can be satisfied by the individual alone.  
Social intentions are all of the prior intentions that involve at 
least one other person whose active participation is necessary 
for the intention to be satisfied. Relatedly, Searle introduced 
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Figure 2. Predictive processing model of spatial presence, social presence, narrative absorption, and their relation with agency. 
Panel (a) presents the dynamics of prediction and prediction error in relation to exteroception and interoception. This model is valid for all 
the subjective-phenomenal states presented in panel (b). Each component comprises state (light blue) and error (orange) units for both 
exteroception and interoception. State units generate control signals (enaction) and predictions (light blue arrows) about the consequent 
input signals; error units compare predictions with afferents, generating error signals (red arrows). The precision of error signals is weighted 
by different factors related mainly to mediation and the medium format, but also to personal differences (Kidd & Castano, 2017; Samana 
et al., 2009). Panel (b) shows the hierarchical relations between the various subjective-phenomenal states. Hierarchically higher states can 
constrain predictions generated by lower-level states, intensifying or inhibiting them. Intentions are crucial for distinguishing between 
the different presence-related phenomena: it is mainly the processing of intentions oriented towards external objects in comparison to 
exteroceptive signals that enable spatial presence; intentions oriented towards other agents and updated on the basis of their actions 
enable social presence; and intentions oriented towards interoceptive states enable narrative absorption.
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a specific kind of social intentions, i.e. “collective intentions”  
(We-intentions), which call for a form of cooperation that is 
not mere coordination between subjects; rather, it involves 
mutual understanding of other participants’ intentions (Searle, 
1990). Namely, collective intentions include one or more 
prior intentions that describe the subject’s personal contribu-
tion to the collective action, i.e. “I intend to do action X as  
part of the group’s action Y”. Social intentions are involved  
in the emergence of social presence, even if we share and enact  
the intentions of virtual or fictional others (cf. section 5.3 and  
section 5.5).

This brief analysis of the characteristics of intentions sug-
gests a possible structure of human intentionality that includes  
seven types of intentions organized on three levels:

-    Motor intentions coordinate the simplest motor actions 
(not directed towards an object), such as opening the  
hand or protruding the lips.

-    Private, Social, and Collaborative Proximal intentions are 
at the basis of actions directed towards states, objects, or 
agents in the surrounding environment. They may be  
private (“pick up the apple”), social (“take my sister’s 
hand”), or collaborative (“assemble an Ikea furniture”). 
These intentions are the result of the interaction between 
subjective needs and the surrounding physical and  
social environment.

-    Private, Social, and Collaborative Distal intentions are 
at the basis of our actions towards states, objects, and 
agents in possible worlds (non-actual worlds linked to 
the actual one by a relation of accessibility). These inten-
tions may be private (“lose weight”), social (“going to  
watch a play at a theatre”), or collective (“start a  
family”). These intentions are the result of the interac-
tion between subjective needs and the possible worlds  
opened to the subject by the culture of reference. 

In this view, any intentional level has its own role, i.e. motor 
(Motor intentions), situational (Proximal intentions), and voli-
tional (Distal intentions) guidance and control of action. In 
addition, they form an intentional cascade (Pacherie, 2006; 
Pacherie, 2008) in which higher intentions generate lower  
intentions.

The link between intentions, predictions, and actions with respect 
to spatial presence can be better understood if we consider 
that the evolution of the sense of presence is phylogenetically  
and ontogenically related to the one of the self (Damasio, 1999;  
Riva et al., 2004; Riva et al., 2015; Triberti & Riva, 2016;  
Waterworth & Riva, 2014). The first type of spatial presence 
that emerged is proto presence, a process of internal/external  
separation, which is related to basic motor intentions  
(M-intentions) and perception-action coupling (self vs. non-self) 
(Table 3). That is, the more an agent is able to correctly couple 
perception and action, the more they differentiate themselves 
from external stimuli, increasing their ability of body orienta-
tion in space. Questionnaires’ items inquiring about location 
in space investigate proto presence (cf. Table 2). The second  
type of spatial presence that emerged is core presence, an agent’s 
intentional orientation of sensory selective attention towards 
perceptions (self vs. present perceptions). That is, the more an 
agent is able to focus on their bodily experience, the more they 
are able to perceive their own agency and their own current  
goal-directed proximal intentions (P-intentions). The question-
naires’ items inquiring about someone’s agency usually inves-
tigate core presence, namely those items about the possibility  
of action. The third type of spatial presence that emerged is  
extended presence, an agent’s evaluation of the significance 
of the current experience (self in relation to the present situ-
ation). That is, the more an experience is coherent with an  
agent’s future goals (D-intentions), the more the agent is  
feeling present in it. Some of the questionnaires’ items inquir-
ing about the sense of agency investigate extended presence,  
namely those items about the control of medium/content and 
the fluency of media use, because these aspects involve the 
ability to predict possible actions. Often, this presupposes 
a familiarity with the medium/content (IJsselsteijn, 2003)  
and its relevance for the agent’s current or future life.

Similarly, the “sense of challenge” characteristic of flow 
experiences is strictly related to extended presence, since it  
depends both on: (i) the balance between challenge and skills 
at stake in the experience – i.e. the ability to predict possible 
actions and outcomes that minimize the amount of free-energy –  
and (ii) the goals of an agent. For instance, (i) if a game is too 
difficult or a book is in a foreign language that I do not know 
well, extended presence and flow are limited; if a game is 

Table 3. The types of spatial presence and their relations to the subject and to mediation (reproduced and 
modified with permission from Riva et al., 2004).

Type Relation to self Consciousness Intentions Mediation (form/content)

Proto 
presence

Self vs. non-self 
(other)

Mostly unconscious Motor intentions Proprioceptive (spatial presence/
enaction)

Core 
presence

Self vs. present 
perceptions

Conscious here and now Proximal 
(present) 
intentions

Perceptual (sensory presence/enaction)

Extended 
presence

Self in relation to the 
present situation

Conscious of self in 
relation to situation

Distal (future) 
intentions

Conceptual (intellectually/emotionally 
significant content)
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too easy or a book is too simple, I do not feel challenged. If  
(ii) the genre of a videogame/book is not coherent with my 
goals – e.g. it is a shooter game, not the desired platform game; 
it is a fantasy book, not the desired crime novel – I perceive 
the experience as not relevant for my intentions and goals  
(prediction error).

Mylopoulos & Pacherie (2017) suggested that the link 
between intentions and the different embodied predictions is 
achieved through motor schemas. Namely, intentions include  
executable action concepts that describe the organization 
and structure of the action (motor schema) using a set of  
predefined parameters related to the body and the surrounding 
environment (Jeannerod, 1997); these parameters can be defined 
and updated using Bayesian inference and modelling (Braun  
et al., 2010). However, according to Shepherd (2019) inten-
tions have a dual format: “Intentions can take propositionally 
formatted contents that enable their integration with propo-
sitional thought. And intentions have motorically formatted  
contents that communicate in a fairly direct way with the  
operations of motoric-level action implementation” (pp. 294–95). 
Empirical evidence that supports the existence of a link between 
motor schemas and propositionally formatted contents is the  
activation of motor representations during the processing of 
linguistic items pertaining to action (Buccino et al., 2016;  
Kemmerer, 2015; Repetto et al., 2013). This aspect is impor-
tant with respect to the role of mental imagery (Kuijpers et al.,  
2014) and narrative comprehension (Busselle & Bilandzic, 
2009) for presence and narrative absorption. What is at stake is  
the postulation of mental representations as necessary for the 
emergence of these phenomena. Here we suggest that propo-
sitional content can be involved in the emergence of spatial  
presence, but it is not strictly necessary.

When an agent is learning an action (e.g. to drive a car or to 
speak a new language), the propositionally formatted content 
of the action is matched consciously with the embodied format-
ted contents to minimize the level of free-energy. For example 
the P-intention “Adjust the seat in regards to the pedals” within  
the D-intention “Learn to drive a car” is initially associ-
ated with an embodied representation including (Seth &  
Friston, 2016; Tate, 2021): (i) a high-precision prediction of 
the motor consequences of moving the body (e.g. the feet 
and the steering wheel); (ii) a low-precision prediction based  
on the propositional content of the action-properties of external  
objects and environmental features (exteroceptive predictions)  
(e.g. object shape and size of the pedals and the seat,  
distance, possible movements); (iii) the changes in internal body 
states (interoceptive predictions) (e.g. heart rate, blood pres-
sure) determined by the beliefs about a specific object (e.g. 
if the agent is too far from the pedals and cannot use them  
in the right way, they can have a car accident). When, after 
the training, the agent is able to drive the car intuitively, the  
propositional content is only used to describe the intention, not  
to enact it. This aspect is particularly important in relation 
to mediated experiences involving story worlds, since the  
represented world is a kind of propositional content. According  
to the model described above, even in the case of propositional  
content represented by the medium, it is not necessary to  

postulate that there is a propositional content generated by the  
mind and intervening in all predictive processing. Rather, 
some of the embodied predictions drive the intuitive action of  
the agent and are the result of a process of inductive gen-
eralization from sets of motor representations or from sets 
of already extant motor schemas (Mylopoulos & Pacherie,  
2017). This link also suggests a critical role of intentions 
in shaping peripersonal space, a concept useful to describe  
mediated experiences.

Rizzolatti and colleagues defined “peripersonal space” (PPS) 
as the space immediately around the body (Rizzolatti et al.,  
1996), and later studies demonstrated both its role in monitor-
ing the position of objects in space in relation to the body, and 
its plasticity after both short-term and long-term learning and  
practice with a tool (Holmes & Spence, 2004). Recent stud-
ies, however, have provided a more complex outline of the 
role of PPS. Namely, (i) the affordances of an object evoke a 
motor response in the observer’s brain even when it is out of 
their reach, provided that it is reachable by another individual  
(Cardellicchio et al., 2013; Fini et al., 2014); (ii) the modifica-
tion of the PPS after the use of a tool does not depend strictly 
on the active use of the tool itself, but it is triggered by antici-
patory images of its action-effects (Galli et al., 2015); (iii) the 
plasticity of the PPS is affected both by psychological char-
acteristics of the individual, e.g. trait anxiety (Spaccasassi &  
Maravita, 2020), and by psychological properties of the objects, 
e.g. affective valence and knowledge about their functions  
(Valdés-Conroy et al., 2012).

Taken together these studies suggest that intentions, through 
PPS, filter the representation of the potential motor acts afforded 
by visible objects, enabling their identification as potential  
targets for one’s own actions or others’ actions (Maranesi et al.,  
2014; Serino, 2019). As suggested by Bufacchi & Iannetti  
(2018), PPS can be reconceptualized “as a set of graded 
fields describing behavioural relevance of actions aiming to  
create or avoid contact between objects and the body” (p. 1076).

5.3 Mediated action
The boundaries of PPS can also be extended by external tools 
and other individuals: “technologies, used to push our action 
possibilities beyond the standard limits of our physical body, 
plastically reshape PPS representations… At the same time, 
it is also possible that emotional and social factors emerging 
from face-to-face interaction with others in turn modulate PPS 
neurons’ ability to map the space around the others into one’s  
own PPS” (Serino, 2019, p. 149–150). The mediation of tech-
nology modifies the extension of our PPS, thus enabling us  
to have a broader range of sensorimotor perceptions related 
to fiction or virtual spaces/agents. This extension then allows 
us to feel spatial presence prompted by perceptions had by  
other virtual/fictional agents. To sum up, the enactment of pre-
dictions can occur mainly in three ways (Riva & Mantovani,  
2012; Riva & Mantovani, 2014):

-    through the body in a non-mediated way;

-    as first-order mediation: through a proximal physical 
or symbolic tool (an artefact directly usable by the body,  
including language) to exert an action upon an object;
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-    as second-order mediation: through a proximal physi-
cal or symbolic tool (an artefact directly usable by the 
body, including language) that controls one or more distal 
ones (e.g. a tool perceivable in the extrapersonal space, 
such as an avatar or a narrative) to exert an action upon 
an external object (e.g. using a gamepad to control an  
avatar in a video game) or a mental object (e.g. giving  
sense to a narrative or solving a thought experiment).

The way in which embodied predictions are enacted has  
different effects on an agent’s sense of presence. With a suc-
cessfully predicted first-order mediated action the proximal tool  
extends the PPS of the acting subject. In other words, the  
acquisition of a motor skill related to the use of a proximal tool  
extends the body model used to define the near and far space.  
From a neuropsychological viewpoint, the tool extends the 
near-space until the tip of the tool. From a phenomenological  
viewpoint, instead, the tool is now “incorporated” by the agent, 
who can use it intuitively as they use their hands and fingers,  
thus being able to feel spatially present while using it. A suc-
cessfully predicted second-order mediated action produces 
an additional body simulation centred on the external tool.  
Second-order mediated actions are based on the simultane-
ous handling of two different body models – one centred on the 
body and a second one centred on the external tool – that are 
weighted (precision) in a way that minimizes uncertainty dur-
ing the mediated action. In other words, the second PPS cen-
tred on the external tool competes with the one centred on 
the body to orient action and perception. Namely, when the  
externally-centred PPS becomes the most relevant one, it shifts 
the body-centred space to the one surrounding the external/
symbolic tool. From a phenomenological viewpoint, the agent  
is now present in the external space and can act in it intuitively.

The extension of the PPS boundary is also affected and regu-
lated by precision attributed to highly structured predictions 
– like the previous knowledge of what a certain medium is and  
affords (“media schemata”, IJsselsteijn, 2003) – and to intero-
ceptive signals. In general, interoception supports the balance  
between stability and adaptability of the bodily self by increas-
ing the stability of the modelling of near-body space, while 
leaving the representation of far-body space potentially adapt-
able to all contexts. “Less attentional resources allocated to 
far exteroceptive stimuli, compared to bodily interoceptive  
input, may play a crucial role in this balance between stabil-
ity and adaptability of PPS boundary in high interoceptive 
individuals” (Ardizzi & Ferri, 2018, p. 84). However, there 
is yet no evidence that highly interoceptive individuals are 
more successful in enacting second-order mediated actions  
(Kukkonen, 2019a).

The precision attributed to interoceptive predictions and pre-
diction errors is higher when using symbolic tools: using lan-
guage (proximal tool) is a first-order mediated action that, 
when successfully predicted, can enable the use of words to 
express and communicate inner states, extending the interocep-
tive accuracy of an agent. When speaking a mastered language  
and interacting with others using such language, an agent 

feels a stronger sense of agency and is able to better perceive, 
express, and interpret interoceptive stimuli: the agent feels  
present because the correct prediction of the inner states 
increases the stability of the modelling of the near-body space. 
On the other hand, reading fiction is a second-order medi-
ated action in which an agent uses language (proximal tool) 
to enact a character’s action in the fictional world (Caracciolo,  
2014) (the narrative is a distal tool), and this enaction has an 
effect on the agent’s interoceptive states (object). A reader 
who successfully enacts a character’s perceptions is focused 
on their own (the reader’s) interoceptive states (“interoceptive  
attunement”, Kukkonen, 2019a) and feels present because of 
it. However, since space is a useful category for perceiving and  
interpreting one’s own actions and states, it is much easier to 
metaphorically say that the reader is present in the fictional 
world in which the character is acting (cf. Lakoff & Johnson,  
2008). As noted by Kukkonen (2019a): “In the process of 
interoceptive attunement … a balance is struck between the  
embodied signature of the text and readers’ own body state. 
Such a balance would also inform the degree of empathy we  
feel for characters” (p. 120).

With both exteroception-focused and interoception-focused  
second-order mediated actions, an agent has two intentions: 
the first one is of the kind “to use the gamepad to move the  
avatar”, or “to use language to enact and give sense to the actions 
of the character” (proximal intentions); the second one is of  
the kind “to strategically control the avatar in order to succeed  
in the game”, or “to understand the character’s intentions” (distal 
intentions). The latter happens by progressively (re)constructing 
the probability design of the novel (the distal tool) and using  
it to make accurate predictions of what a character will do 
or feel (Kukkonen, 2020; cf. section 5.6). Through the story,  
a reader progressively learns to enact the character’s present 
intentions taking into account the future intentions envisaged 
in the narrative organization (plot, genre conventions, tropes, 
etc.). This results in an increased sense of agency, because  
the reader perceives themselves as able to master mediated 
and simulated exteroception and interoception. Moreover, it 
can be the case that successful predictions of the narrative’s  
P- and D-intentions match a reader’s own P- and D-intentions, 
e.g. the desire to read a suspenseful romance and the belief that 
everyone has a “soul mate,” like it may be narrated in the story. 
In this situation the sense of presence can be further intensi-
fied, since the reader successfully performs two actions (for an  
example, see Gorini et al., 2011): first, interpreting and accept-
ing (“incorporation”, “suspension of disbelief”) the narrative’s  
organization (presence influenced by first-order mediation); 
second, confirming their self-perception after an exploration 
of their own feelings and beliefs, prompted by the narrative  
(presence influenced by second-order mediation).

The dynamics of presence also involve socio-culturally distrib-
uted and embodied interactions, which can be referred to as 
enculturated predictive processing (Fabry & Kukkonen, 2019;  
Roepstorff et al., 2010). The neuropsychological encultur-
ated processes related to presence evolved in response to sen-
sory stimuli but also through learning processes that are shared 
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and transmitted within communities of agents. For instance, 
concepts related to predictions develop through the learning of  
language (Barrett, 2017) and through cultural learning of 
embodied habits and practices (Roepstorff et al., 2010). Encul-
turated predictive processing works similarly in mediated 
and non-mediated experiences but there are some differences 
between interactive media (VR, games), audiovisual media  
(films), and textual media (novels). To better describe the  
complexity of mediated experience with these kinds of cultural 
artefacts, it is useful to first outline other cognitive processes 
involved and that are central for many measurement tools, like  
attention and emotions.

5.4 The role of attention and interoception
Attention is a by-product of multiple interactive processes, 
involving a network of neural systems, related to the selection  
of information and to behavioural response control (Cohen, 
2014). An extension of the predictive processing model  
(Feldman & Friston, 2010) suggests that attention is infer-
ence about the uncertainty (or precision) of the causes of  
sensory inputs. In particular, attention optimises the expected  
precision of predictions by promoting the neural encoding of  
prediction errors (Smout et al., 2019). In this view, atten-
tion, by defining the precision of the different layers of  
predictions, is a critical dimension of presence, especially in  
mediated experiences.

Sensory selective attention operates by selecting certain stim-
uli over others and orienting predictive processing towards the 
selected stimuli. It is a precondition for the emergence of all 
three types of presence (proto, core, extended), but in differ-
ent ways. Sensory selective attention can operate either in a  
reflexive automatic way, when elicited by environmental stimuli  
(exogenous attention), or as part of an intentional goal-directed 
action (endogenous attention) (Cohen, 2014; Posner, 2004). 
In the former case, only M-intentions are involved; in the  
latter case, P- and D-intentions are involved, too. Moreover,  
in order to perform tasks that are part of presence-inducing  
experiences, other kinds of attention are often required. That 
is, after sensory selection, cognitive and physical resources 
are allocated based on the prevailing task demands, and the 
intensity of attention changes accordingly (focused attention).  
Depending on the kind of activity, these processes can extend 
over a relatively long period of time (sustained attention). 
Attention, perception, prediction, and enactment of intentions  
enable the emergence of presence, which in turn (feedback 
loop) can intensify the focus of attention (cf. Cohen, 2014).  
This intensified focus of attention then influences percep-
tion, the predictions an agent (consciously and unconsciously)  
makes, and the enactment of goal-directed intentions.

When a prediction error occurs, an agent can experience a 
break in the sense of presence. A stimulus that is different from 
what was expected is surprising and attracts sensory selec-
tive attention, because a new, updated prediction is needed  
(Friston, 2010). For instance, consider someone playing a VR 
game in which they are trying to move a cup from the table and 
throw it on the floor in order to complete a task in the game. 

Suppose they feel a strong sense of presence, since the overall  
experience is fun and coherent with the agent’s D-intentions  
of having a good time. If the object floats mid-air instead 
of dropping on the floor, this can cause a break in extended  
presence because it is not coherent neither with the real-world  
model – and the predictions based on it (M- and P-intentions)  
– nor with the predictions made to complete the task in the 
game. However, such a break intensifies and directs exogenous  
sensory selective attention, because the disruption of the 
laws of physics is a prediction error that compels the agent to 
gather more sensory data and make new predictions to explain  
away the errors in their embodied simulation. In this situation, 
despite the break in extended presence, it can be that proto and 
core presence are not disrupted, for instance, if the act of grasp-
ing and holding the cup is coherent with M- and P-intentions  
and the floating of the cup can have some magical or tech-
nological explanation that is coherent within the game. This  
would be a case of a minor break in (extended) presence,  
causing exogenous sensory selective attention to partly shift 
toward the element that caused the prediction error – the float-
ing cup – while endogenous (voluntary) sensory selective  
attention remains focused on completing the task of moving  
the object as part of the game (D-intentions). The focus of 
attention on extended presence can relativize prediction errors 
(assigning lower precision to them), consequently minimiz-
ing breaks in core presence (for an experimental example, see  
Spagnolli & Gamberini, 2006).

A disruption of core presence can occur when the control-
ler-object interaction does not work as expected, e.g. the agent 
cannot grab the cup properly. In this case, exogenous sensory  
selective attention can cause endogenous attention to  
shift outside the current range of focused attention: from the 
interaction with the object within VR to the controller as an  
inaccurate bodily extension. The focus shifts from the move-
ment of the object as part of the VR game (D-intentions) to the 
use of the controller (M- and P-intentions), whose glitch the 
agent wants to figure out. In contrast to the previous example,  
this is also a major break in extended presence – a phenom-
enon of broader scope, entailing core presence – since the 
prediction errors concerning M- and P-intentions cannot be 
explained away as part of the game mechanics. A more extreme 
case of a break in proto and core presence would be bump-
ing into a chair while wearing a VR headset, since predictive 
processing is based on M- and P-intentions with respect to the  
peripersonal space of the VR game, and the chair is not part of it.

So far, we have presented examples regarding VR, in which sen-
sory selective attention is mainly direct towards exteroception, 
but there are cases in which attention is mainly directed towards 
interoception, namely affective and imagined states. Interocep-
tion includes a range of perceptions related to: brain-to-body  
signalling; neural encoding, representation, and integration of 
information concerning body states; influence of basic inner 
perceptions on more complex states (including feelings and 
emotions); and conscious perception of bodily states (Quadt  
et al., 2018). The fun and the challenging sensation perceived 
by the agent in the VR game example above are related to  
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interoception. In general, humans tend to keep interoception 
stable in order to minimize prediction errors when facing new  
situations (Pezzulo et al., 2015). The homeostasis between 
these two modes of embodied perception allows an agent not 
to continuously update predictions about their Self, leaving  
more cognitive resources for exteroception. This is also evident  
in the example above, in which interoception is steadily  
focused on the goal of the game, while exteroception fluc-
tuates, trying to update predictions about external stimuli.  
The inverse case can also occur, typically when reading. Reading  
is an activity during which exteroception is stable – usually  
done while sitting, moving only eyes and hands – and sensory  
selective attention is mainly directed towards interoception  
(Kukkonen, 2019a). Different media establish different points 
of balance between interoception and exteroception; read-
ing stabilizes the exteroceptive side of the balance, enabling  
the exploration of inner bodily states elicited by the narra-
tive, which are related to the reader’s enactment of characters’  
perceptions, along with emotions and memories associated to  
them (Caracciolo, 2014).

To solve the “book problem”, it is not necessary to postulate  
an imaginary world in which an agent feels present, this is 
just a metaphorical expression used to describe a complex  
phenomenon. The sense of spatial presence experienced when  
reading or engaging with audiovisual narrative, can be explained 
in terms of a shift of sensory selective attention from exte-
roception towards interoception, and increased precision  
attributed to interoceptive predictions (Kukkonen, 2019a), which 
is also relevant for discussions of mind-wandering in reading  
(Fabry & Kukkonen, 2019; Smallwood & Schooler, 2015). 
The underlying neuropsychological dynamics are the same as 
for VR and non-mediated experiences, involving predictive 
processing and enactment of intentions. In the case of activities  
more focused on exteroception, like moving an object in  
VR, the brain makes predictions mainly in direct response to 
external signals, e.g. related to the use of the VR controller and 
the outcomes seen in the VR scene. In the case of activities  
more focused on interoception, the external stimuli – the words  
on the page – are an input that activates embodied simula-
tions, which in turn contribute to the emergence of cognitive 
and affective responses. In general, the two modes of embod-
ied perception always work in combination, since interoception  
and emotions are always involved in the co-creation of our  
sensorimotor perceptions, and external stimuli continuously 
influence the exploration of internal body states (Seth, 2014). 
However, when reading or imagining something, attention and  
intentions are more focused on interoception.

In addition, in many cases, stimuli outside the focus of endog-
enous selective attention can influence conscious perception  
(Schwitzgebel, 2007), also affecting the sense of presence. For 
instance, consider an athlete who is about to make a long jump 
at the Olympic Games and, through gestures, invites the crowd 
to cheer. During the performance, the athlete’s endogenous  
selective attention is very much focused on the movements 
needed for the run and jump. They experience a strong core 
presence (proximal intention to jump) and extended presence  
(distal intention to perform well at the Olympics). They are 
not consciously paying attention to the cheers of the crowd, 

but these certainly intervene in increasing their sense of pres-
ence and in helping them to find the right concentration. This is  
true also in the case of reading, when sensory selective atten-
tion is supposed to be completely directed on the page in front 
of the reader, in order to semantically process the sentences 
and make sense of the complexity of a narrative (McNamara, 
2007; Wolf, 2007). External stimuli unrelated to the reading 
activity can influence the narrative experience in various ways  
(Kuzmičová, 2016). For instance, if a reader is on the banks of 
a river while reading about a boat sailing at night and approach-
ing a mysterious island, the peripheral perception of the sound 
of the water flowing beside them can increase their sense 
of presence, because it provides input data consistent with 
the predictive processing of the narrative, thus minimizing  
surprise and free-energy.

5.5 Social presence
The majority of the activities for which presence is men-
tioned include other agents, be they real humans/animals, vir-
tual avatars, or fictional characters. It has been found that 
observing an action performed by another individual – or its  
effects – activates the same brain areas as when an agent is 
directly performing such action, a phenomenon due to mirror 
neurons (Rizzolatti et al., 1996; Rizzolatti et al.,1998). Senso-
rimotor integration supported by the mirror matching system 
instantiates neural activations utilized not only to generate and  
control goal-related behaviours, but also to map the goals 
and purposes of others’ actions (Barsalou, 2003; Gallese &  
Lakoff, 2005). This process establishes a direct link between 
one’s being and other beings: the observer uses their own 
resources to directly experience the world of the other by 
means of an unconscious process of motor resonance. This 
kind of embodied simulation with enaction of the other’s  
intentions also occurs when interacting with virtual avatars or 
reading about characters in a novel (Gallese & Wojciehowski,  
2011; Glenberg & Gallese, 2012).

Similarly to spatial presence, social presence is an evolution-
ary neuropsychological phenomenon related to predictive 
processing. On one side, an agent can recognize and simulate 
only intentions that they are able to enact (Borroni et al., 2011).  
On the other side, the correct enaction of such predictions rein-
forces their self-perception as a skilful agent capable of exist-
ing in relation to an environment that is continuously changing  
(spatial presence) and inhabited by others (social presence), as 
proposed by the free-energy principle. Through spatial pres-
ence, an agent controls their own action, comparing predictions  
with perceptual inputs to verify their successful enaction. 
Through social presence, an agent recognizes and evaluates the 
actions and intentions of an other agent using the same predictive  
model. As for spatial presence, three different types of social 
presence emerged in time: proto social presence, the recog-
nition that there is another self; interactive social presence,  
the acknowledgment that the intentions of the other can be 
directed towards the Self; shared social presence, a cognitive  
and affective matching of the other’s intentions (Table 4).

Questionnaire items inquiring about somebody’s co-location 
in space with another agent (cf. Table 2) investigate proto 
social presence. Items about mind-reading and behavioural  
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response to another agent are related to interactive social  
presence. And items about matching another agent’s emotions, 
feelings for another agent, connection with another agent, and 
understanding of another agent are related to shared social pres-
ence. The latter is often referred to with the name empathy and 
is considered particularly relevant for both VR experiences  
(Herrera et al., 2018; Martingano et al., 2021) and reading 
fiction (Burke et al., 2016; Kuzmičová et al., 2017). Some-
times, the term identification with the characters is also used  
(Cohen, 2001).

5.6 Time and narrative
In the previous sections, we described an agent’s self-perception  
in relation to a stimulus (spatial presence), the balance between 
the energy required by predictive processing and the agent’s 
explicit goals (flow), and the possible interaction with other 
agents (social presence). Let us now consider the role of time 
in such relationships, including the particular kind of temporal  
configuration of experience called “narrative”.

In psychology, narrative is often conceived in terms of its 
(mostly social) functions (Bruner, 1986; Kidd & Castano, 2013;  
Mar & Oatley, 2008; Schank & Abelson, 1997), not with 
respect to the forms that afford such functions (Pianzola, 2018) 
or the situated cognitive-affective response to narrative forms  
(Hakemulder et al., 2017; Kukkonen, 2019a; Kukkonen, 2020). 
Following this trend, a recent predictive processing account 
of narrative presents it as an exploration of possible meanings 
aimed at minimizing unexpectedness and uncertainty about the 
world and our actions in it: “narratives provide hypotheses that 
enable inference to the best prediction” (Bouizegarene et al.,  
2020). However, here we will focus on basic cognitive and 
affective processes at work during a narrative experience, proc-
esses which can serve various psychological functions. In brief, 
deep temporal models of the kind underlying narrative experi-
ences allow an agent “to accumulate evidence over different 
temporal scales to find the best explanation for their sensations”  
(Friston et al., 2017, 388, emphasis added).

“On the active inference view, everything we do can be regarded 
as pursuing a narrative that resolves uncertainty” (Friston  
et al., 2020). However, we conceive narrative more specifically  
as a mode of cognition in which temporality is a dominant  

factor in the processing and organization of perception  
(Pianzola, 2018; Walsh, 2018). Predictive processing is a time-
sensitive process but not necessarily a narrative one, because 
predictions can be activated by intentions not motivated by  
the passage of time, namely movement in space. For instance, 
if an agent wants to reach a cup on the table, they have to 
make predictions and employ the available embodied simula-
tion scripts: the goal is to extend arm and hand to grasp the cup 
and, to do it successfully, the agent has to minimize prediction  
errors about distance, which part of the cup to grasp, strength 
necessary to lift it from the table without spilling the coffee,  
etc. This is not a narrative process because temporality is 
less important than spatiality3. In this perspective, it is more 
suitable to conceive of narrative as a scalar property of an  
experience, which can be more or less narrativized, i.e. more 
or less organized in a narrative way (Abbott, 2014). Narrative  
organization is the cognitive articulation of a temporal 
sequence, that is, the relation an agent has with an environ-
mental or internal stimulus whenever this is experienced (and 
interpreted) mainly with regard to its unfolding in time. In 
other words, the narrative sensory flow – the “story-driven  
experience” (Caracciolo, 2014; cf. Pianzola, 2017) – emerges 
from the continuous interaction of perceptions and predic-
tions (Kukkonen, 2014), which involves the sensory design 
of the stimulus, the experiential background of the agent, 
the knowledge of media schemata, and the predictions based  
on these factors (Kukkonen, 2020).

In general, the role of time in non-narrative experiences is sim-
pler: the distorted perception of time investigated by many 
presence questionnaires is due to selective attention. When an  
agent feels present, time seems to flow more slowly because 
predictive processing is often focused on a very short time 
interval. For instance, when a tennis player feels a sense of  
presence during an intense set, their predictions are focused 
on hitting the ball (M- and P-intention) and scoring the point  
(D-intention), not on winning the match (broader D-intention).  
However, when defocusing because the experience is over, it 
can be surprising to observe that the sequence of short time 
intervals required to accomplish the goal set by the broader  

3 But see Metzinger (2003) about time as a core aspect of conscious presence.

Table 4. The types of social presence (reproduced, adapted, and expanded with permission from Riva, 2008).

Type Relation with 
the Other

Recognized 
intentions

Social 
experience

Mediation (form/content)

Proto social 
presence

There is another 
Self (Other)

Motor intentions Imitation Perceptual

Interactive 
social presence

Intention of the 
Other is toward 
the Self

Proximal (Present) 
intentions

Interaction and 
communication

E.g. awareness of author’s narrative mediation; 
access to character’s speech and thoughts; 
interaction with character/avatar

Shared social 
presence

Self and Other 
share the same 
intention

Distal (Future) 
Intentions

Empathy and 
cooperation

Intellectually/emotionally significant content
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D-intention was longer than expected. This is because  
during the match the player did not update their predictions 
regarding the D-intention “winning the match”, since it was 
more urgent to make correct predictions for the M-, P-, and  
D-intentions necessary to hit the ball and score points. On 
the other hand, in the case of narrative experiences, sustained  
attention and predictions on a wider time range are required. 
For instance, to predict what a character would do, a reader 
needs to consider what they have read in the narrative up to that 
point, what information they received about the character’s  
past, what genre conventions are probably relevant (e.g. the 
murderer cannot be revealed in the first chapter; the first kiss 
comes after a suspense sustained for many chapters), how the  
plot developed so far, what are the probable character’s expec-
tations, etc. This kind of predictive processing often requires 
skills that in everyday life are needed to make long-term  
decisions, thus used not as often as the skills required for 
other kinds of short- and mid-term predictions. Narrative deep  
temporal models (Kukkonen, 2021) allow practicing how to  
accumulate evidence over different temporal scales to find  
the best explanation for perceptions.

Among the groups of items related to narrative absorp-
tion (cf. Table 2), those about the comprehension of narrative  
content are probably related to the widespread conception of  
narrative as a way to connect events in a meaningful and/or causal  
way (Bruner, 1986; Bruner, 1991; Pier, 2008). In this light, 
the ability to understand how the events are linked would 
be a prerequisite for the emergence of narrative absorption.  
However, there are examples where such comprehension is not 
strictly necessary: the lack of comprehension about the inter-
connectedness of events and the absence of a closure that gives 
a stable meaning to the narrated events is often a characteristic  
of narratives (Brooks, 1984), especially of complex ones  
(Kiss & Willemsen, 2017). It is rather the continuous proc-
ess of meaning-making during the unfolding of the narrative 
that usually creates a narrative tension that keeps the audience 
absorbed (Baroni, 2007; Baroni, 2017; Sternberg, 1992). This 
aspect is investigated by the group of items related to suspense  
and anticipation.

One of the typical features of narrative is the generation of 
three main effects on the audience: suspense, curiosity, and  
surprise (Sternberg, 1992; Sternberg, 2003). Suspense emerges  
when the fulfilment of a reader’s desire for information about 
a future outcome remains suspended because of an informa-
tion gap. Conversely, curiosity emerges when the desire for 
information is about the past. And surprise emerges when new 
information reveals a prediction error and forces a reader to 
reconfigure their knowledge about something. Given that every  
narrative is unfolding in time towards an ending point,  
suspense is the most frequently occurring of the three 
dynamics, and this is probably the reason why it is the only  
one mentioned in the analyzed questionnaires. However, the 
three narrative effects influence presence in different ways, 
showing how narrative absorption is a phenomenon related to 
sustained attention, during which breaks in extended presence  
can occur without disrupting the absorbed state.

Suspense and curiosity tend to create a continuity between 
core and extended presence, whereas surprise often partially  
disrupts extended presence. In other words, with suspense and  
curiosity, the combination of the medium’s design and its  
content (syuzhet and fabula, Tomaševskij, [1925] 1965) is 
designed to reduce prediction errors and keep sustained attention 
focused on the progression of the plot, thus creating an absorb-
ing experience. In the case of surprise, the medium-content  
combination is designed to exploit prediction errors in order 
to create an experience that induces breaks in extended pres-
ence by attracting exogenous selective attention towards the  
narrative elements on which the wrong prediction was based 
and towards the new element that revealed the error (P-intention  
and narrow D-intention). However, at the same time, sus-
tained attention is focused on the broader narrative context in 
which the prediction error occurred. Since narrative absorp-
tion is hierarchically higher than presence, less precision is 
assigned to errors coming from presence, which emerge at a  
lower level and can be minimized, through (epistemic) active 
inference (Kukkonen, 2020; Pezzulo et al., 2016), by recon-
figuring knowledge about the story in light of the overall  
information provided by the narrative (broad D-intention). For 
instance, if the murderer is not whom the audience suspected 
to be, exogenous sensory selective attention shifts towards the  
disrupting element – requiring endogenous attention to work 
for a reconfiguration of the audience’s prediction about the  
plot (P- and narrow D-intention) – but sustained attention is still 
focused on finding out who the murderer is and on enjoying  
the narrative experience (broad D-intentions with higher preci-
sion). Other ways in which partial breaks in extended presence  
are achieved are: cognitive estrangement in science-fiction 
(Suvin, 1979; Suvin, 2010), foregrounding of language due to a  
particular style (Jacobs, 2015b; Jacobs & Willems, 2018; van  
Peer, 1986), hiding information to the audience, etc.

Narrative prediction errors can occur either with respect to the 
plot (e.g. a surprising event) or as difficulties in establishing  
precise predictions on the level of the narration (e.g. narrator 
who is unreliable, incomprehensible, etc.) (Kukkonen, 2020). 
In both cases, prediction errors concern extended presence and 
the interoceptive states (target object) elicited by the narrative 
(distal tool), but breaks in core presence can occur if there are  
prediction errors about language (proximal tool), like in 
the case of typos or grammatical errors. In such cases, the  
focus of attention shifts from the second-order mediation (plot)  
to the first-order mediation (use of grammar), inevitably creat-
ing a cognitive dissonance that results in an interruption of the 
absorbed state. More generally, literacy skills and the prob-
ability design of the narrative (e.g. progression of the story  
events as suggested in the narrative) work in combination in 
predictive processing. The probability design of the narra-
tive unfolds through prediction errors that drive the narrative as 
plot events. These plot events are usually within a certain range 
of predictability (or precision), but there are also examples  
where readers get faced with prediction errors whose resonance 
is too ample and interrupts narrative absorption. Moreover,  
while reading is naturally paused at chapter breaks, ruptures  
at particularly striking and intense moments can be used to 
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introduce breaks in the reading process of highly skilled read-
ers to achieve aesthetic effects. However, in such cases, it is 
probably more appropriate to talk about “aesthetic feelings” 
elicited by the narrative rather than about an absorbed state 
(Kukkonen, 2020, pp. 89–90; cf. Jacobs, 2015b; Jacobs &  
Willems, 2018).

This PP theoretical model of narrative absorption is consist-
ent with findings by (Friston & colleagues, 2017; cf. Friston  
et al., 2020), who run computational simulations to test  
similar cases of prediction errors related to the temporal  
processing of information. Word or lexical violations of expec-
tations produced greater excursions of belief updating, but  
the pattern of neuronal encoding was the same as in the case of  
no violations. That is, more time was needed to make sense of 
the narrative because it was necessary to correct the model gen-
erating predictions about lexical use. Similarly, more process-
ing time was required also in the case of semantic violations,  
for which the appearance of a certain word was more surpris-
ing than expected. The delay was due to the need to update the 
generative model with respect to the sentence context in which 
the word can appear. This kind of evidence does not say much 
about presence or narrative absorption – since it is still not clear 
what physiological signals can be reliably associated to such 
states (Jacobs, 2015a; Jacobs & Lüdtke, 2017; Wiederhold  
et al., 2001) – but it confirms that it is possible for our brain 
to complete a semantic-related task even if violations of the 
expected pattern occur. Similarly, it is plausible that sustained 
attention (and narrative absorption) can be maintained even if  
disturbed by local breaks in presence.

With its deep temporal models and the dynamics of anticipa-
tion (suspense), retrospection (curiosity), and recognition (sur-
prise), narrative is a training ground for predictive processing, 
providing “alternate hypotheses that generalise and therefore 
preclude overfitting (sensory) data” (Bouizegarene et al., 2020).  
More specifically, in the case of fiction this happens on safe 
ground, since brain regions devoted to emotion regulation tend 
to down-regulate subjective emotional intensity (Mocaiber  
et al., 2010; Sperduti et al., 2017b; Sperduti et al., 2017a).

6. Conclusions
We organized the knowledge produced in different fields of 
research working on concepts that describe a person’s experi-
ence when performing an engaging activity. Through a prag-
matic investigation of the questionnaires used to measure these  
psychological states and a theoretical reconceptualization based 
on the predictive processing model of the mind, we suggest  
the following definitions:

Spatial presence: is an evolutionary neuropsychological  
phenomenon related to predictive processing. Agents are 
present where they are able to intuitively and successfully enact  
(i.e. without the involvement of reasoning) their implicit 
and explicit embodied predictions about possible action. 
When a prediction is not correctly enacted (break in pres-
ence), sensory selective attention is shifted towards the source 
of the prediction error, in order to facilitate the encoding of 

the wrong prediction in the brain, address it, and update the  
predictive model about the agent’s self-perceived agency.

Social presence: agents prereflexively recognize and evaluate 
the intentions and actions of others using the same predictive  
model that controls their own intention and actions. The  
others can be real, virtual, imagined, or fictional agents. When 
an agent successfully predicts and enacts the intentions of 
another agent, social presence emerges, sometimes in the form  
of cognitive and affective matching of the other’s intentions.

Narrative absorption: when the temporal organization of  
perception is dominant for the enactment of predictions, agents 
undergo a narrative experience, which can be absorbing if a 
sense of presence emerges and sustained attention is kept on  
distal intentions. The deep temporal models underlying the  
narrative experience allow an agent to accumulate evidence over 
different temporal scales to find the best explanation for their  
sensations.

Flow: it is a characteristic of all three phenomena (spatial pres-
ence, social presence, and narrative absorption) related to the 
optimal balance between the skills possessed for an action and 
the challenges offered by the action. This corresponds to an 
optimal dynamic between predictions and prediction errors 
that does not disrupt the predictive model beyond an extent  
manageable by the agent only with moderate updates.

Immersion: we suggest avoiding the use of the noun in  
scientific research and prefer the adjective “immersive”, refer-
ring to the meaning commonly adopted in VR research, 
namely a quality referring to the technological features of the 
medium. In this sense, expressions like “immersive medium”,  
“immersive experience”, or “immersive story” denote the poten-
tial of a medium or a specific mediated experience to elicit 
a sense of presence and narrative absorption. However, we 
are aware that in non-academic contexts the term “immer-
sion” is commonly used with the meanings that we have here  
associated to presence and narrative absorption.

The described phenomena are based on the same brain dynam-
ics, regardless of whether they are activated by a direct body 
stimulus or a stimulus mediated by physical, digital, or sym-
bolic tools. The difference between the various stimuli, with  
respect to the emergence of presence, lies in a shift of sensory  
selective attention between exteroceptive and interocep-
tive perception and in the related attribution of higher/lower 
precision to predictions based on each of the two kinds of  
perception. The “book problem” and the “paradox of fiction” 
should be addressed as the attribution of higher precision to  
interoception, with the consequent regulation of interocep-
tive signals (emotions) by allocating more cognitive resources  
to their processing. Moreover, the interplay of intentions of  
different type (motor, proximal, distal intentions) also inter-
venes in the process, relativizing prediction errors and breaks  
in presence at lower levels.

To sum up, from the perspective of users, players, readers, and 
audience: an optimal balance between predictions and prediction  
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errors (flow) facilitates the emergence of a sense of spatial  
presence, social presence, and narrative absorption. Alterna-
tively, from the perspective of technology and media design: 
the more a medium or cultural artefact (e.g. narrative) is able to  
support the correct enactment of an individual’s predictions 
(spatial presence) and to clarify the intentions of others (social 
presence), the stronger is the sense of presence experienced  
with the medium or cultural artefact.

Our suggestions are helpful to shed light on theoretical confu-
sion and guide the reconceptualization of the discussed phenom-
ena, but, in order to empirically test the validity of our model, 
more thorough experiments should be conducted, combining self-
reported measures with data from observation (e.g. Trasmundi  
& Cowley, 2020) and the tracking of neuro-physiological  
responses (e.g. Berta et al., 2013; Jacobs et al., 2016). Possi-
ble signals of presence or narrative absorption may be changes 
in heart rate, galvanic skin resistance, cerebral electrical activ-
ity, pupil dilations, eye movement, and facial expressions;  
but also measures related to task performance, such as read-
ing speed or gestures’ fluidity in VR. For instance, by 
manipulating stimuli in order to influence interoceptive and  
exteroceptive predictions and prediction errors, we can test 
whether higher or lower level of spatial presence and narrative  
absorption are achieved, and how prediction errors of differ-
ent precision can cause break in such subjective-phenomenal 
states. Moreover, using brain imaging we should be able to see 
an increased activation of the areas related to interoceptive 
(insula; Hassanpour et al., 2016) or exteroceptive (temporal gyri 
spanning to the inferior occipital lobes; Salvato et al., 2019) 

predictions. For a more detailed discussion about the efficacy 
of the various measures, see Paiva de Oliveira et al. (2016) and  
Jacobs (2015a).

To our knowledge, the model presented here is the first 
attempt at integrating results coming from a broad range  
of different fields and yielding in return a model that can be 
employed straight away in such disciplinary fields. Indeed, 
it can be applied to understand the cognitive and aesthetic  
processing of narratives, inform the creation of media expe-
riences, and develop more effective solutions for embodied  
medicine.

Data availability
Underlying data
OSF: Presence, flow, and narrative absorption questionnaires:  
a scoping review (supplementary material)

https://doi.org/10.17605/OSF.IO/RBZ8G (Pianzola, 2021)

This project contains the following underlying data:
•    scoping_review_data_2021-02-26.xlsx (Human-readable  

version containing the 23 selected questionnaires with  
color coding of the items and summary model)

•    scoping_review_data_2021-02-26.csv (Machine-readable  
version containing the 23 selected questionnaires with  
the respective annotations for each item)

Data are available under the terms of the Creative Commons 
Zero “No rights reserved” data waiver (CC0 1.0 Public domain  
dedication).
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presence that would allow for this generalisation. The author’s also show how to use the predictive 
processing framework to explain each of the concepts of presence they introduce. In my view the 
manuscript is near enough ready to be indexed but there are a few points I would find it useful to 
see further elaborated. In particular I did not find particularly plausible the claim that the 
withdrawal from reality into a fictive world can be accounted for in terms of increasing of precision 
on predictions of interoception, and downweighing of exteroceptive predictions. I agree that 
incoming sensory inputs are downweighed when we find ourselves absorbed by what we are 
reading but this seems more comparable to shift from task-dependent processing to 
spontaneous, stimulus-independent thought sometimes discussed in the mind-wandering 
literature. One of the authors of this paper has actually explored this idea in earlier work but it 
doesn’t receive much attention in this paper. 
 
The paper contains many ideas that sometimes read as digressions from the main themes of the 
paper. I could not see the necessity of the lengthy discussion of intention and the distinctions that 
are made between different types of intention in section 5. Part of the reason this is not as clear as 
it might have been is because the authors are very fast in their introduction of the concept of 
agency. They say this is needed to account for presence without explaining how and then quickly 
move on to providing a lengthy discussion of intention. I had similar reservations about the 
discussion of mediation – again the authors take for granted the connection to presence without 
spelling out how they see this. 
 
Smaller issues: 

In the definition of ‘presence’ what is meant by ‘fit’ – how do we fit in the real, virtual or 
fictional world? 
 

1. 

Subjects are present, or they experience presence? (p.3, column 2) 
 

2. 

Why would predictions relating to “symbolic tools” or “physical/digital tools” be attributed 
higher precision? This is too fast and needs unpacking. 
 

3. 

Typo – “multiplicate” should perhaps be “multiply”? 
 

4. 

Slater is referred to by their first name (p.4). 
 

5. 

Is it necessary to describe place illusion in terms of “the qualia of having a sensation”? Not 
all researchers agree that qualia exist so this seems a rather theory-dependent way of 
describing the phenomenon (p.6). 
 

6. 

I do not agree that the notion of perceptual presence as discussed by Noë and others is 
distinct from the concept of spatial presence as discussed later in this paper (p.6). Perhaps 
the authors take the difference to map onto the distinction between interoceptive and 
exteroceptive inference. But such a sharp distinction doesn’t in my view make sense given 
how interoception is at the core of all perception and action. This is a point that is 
emphasised in the work of Feldman-Barrett for example. Furthermore, presence is arguably 
tied to multisensory integration – the authors acknowledge this at various points (e.g. p.9). 
But multisensory integration is precisely the integration of exteroceptive, interoceptive and 
proprioceptive sensory states. 
 

7. 
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The PPMSC does not necessarily “downplay agency” (p.7) since counterfactuals are used to 
account for sensorimotor contingencies. I guess it depends on what you mean by agency 
here but this criticism seems weak to me. The other points you make about genre 
conventions and personal relevance work better but then one wants to know how these 
factors are relevant for responding to the paradox of fiction/book problem. 
 

8. 

Why does the book problem require a shift to interoception (p.8)? I would have thought 
motor and sensory imagery were just as important for experiencing presence in an 
imagined world. See point 8. I agree that precision is weighted towards the book as a 
source of sensory input and the imagery elicited by the text but why restrict this imagery to 
the responses of the internal viscera? Think for example of the example of Don Quixote 
riding his horse. The imagery here is not restricted the viscera and autonomic responses. 
 

9. 

 What is meant by “evolutive tool”? 
 

10. 

Possible typo: Your intention to move your hand is satisfied when you move your hand, not 
by your ability to move your hand (p.12). 
 

11. 

It is unclear to me why the somewhat lengthy and elaborate discussion of intention in 
section 5.2 is included. I follow everything the authors write about intention in this section 
and its connection to motor schemas and propositional content but I don’t see how this 
material relates back to spatial presence. Perhaps the link is supposed to come from the 
discussion of peripersonal space but it is not clear to me how. I was following the argument 
more or less up until this section but the authors have now lost me. There are many 
concepts introduced in this paper and it is hard to keep track of everything. 
 

12. 

How is the concept of mediation introduced in 5.3 related to presence?13. 
The rest of the paper worked well. Look forward to reviewing a new version.
 
Is the work clearly and accurately presented and does it engage with the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

Are all the source data and materials underlying the results available?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are the conclusions drawn adequately supported by the results?
Yes
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expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 20 Jul 2021
Federico Pianzola, University of Milan Bicocca, Milan, Italy 

Thank you very much for your comments, they will help us better express a few points of 
our argumentation. 
A. You said: “I did not find particularly plausible the claim that the withdrawal from reality 
into a fictive world can be accounted for in terms of increasing of precision on predictions of 
interoception, and downweighing of exteroceptive predictions”.  
This statement includes two elements: (1) how can a written text achieve the experience of 
presence in readers (the so-called book problem) and (2) why would we seek it out?  We 
argue that in real-world environments, interoception is limited (through sensory 
attenuation) so that we can perceive, move and explore in exteroception with ease. 
Inversely, by limiting exteroception in reading (through the poor stimulus of written 
language), we can place greater attention on interoception and explore inner states (see 
Kukkonen 2020; 2019). This greater explorative freedom in interoception accounts also for 
the attraction of reading literature. When we decide to read/watch fiction, we do so because 
we are mostly interested in the effects it has on us and we take pleasure in having emotions 
and thoughts prompted by a narrative. That is, we engage in this activity – and in the 
predictive processes involved in it – with the distal intention of receiving some kind of 
interoceptive perception. Whereas, when we interact with some object, person, or animal, 
our predictions are more sensitive to our perception of these external entities and to their 
behavior in response to our interaction with them. Accordingly, our intentions are ultimately 
focused on achieving a non-equilibrium state (free energy minimization) in relation to our 
existence in a space inhabited by other objects and agents. When reading/watching fiction, 
our internal states are more important than making correct sensorimotor predictions about 
the real space in which we are or the fictional space we are observing/imagining. Consider 
the case of a video game of a flight simulator: it is not uncommon for players to 
intentionally crash the plane they are flying into a mountain or some other object, just 
because it is fun to see the explosion resulting from this action. We might follow a character 
doomed to die in a fictional narrative for comparable reasons. In this case, like in many 
other forms of interactions with virtual and fictional worlds, the interoceptive states 
prompted by our actions are more relevant (have a higher precision) than the resulting 
situation in terms of specific changes happening to objects and space: it is enough to 
roughly predict that the plane is going to explode, without predicting how its shape or that 
of the mountain with which it collided will be modified. For this reason, in Figure 2b we 
differentiate between intentions mainly directed towards different entities. Interoception is 
more salient when reading/watching fiction, but predictions regarding space and other 
agents are very important, too. That is why we consider spatial presence and social 
presence as phenomena that contribute to the emergence of narrative absorption. We are 
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aware that another article is needed to better present all the nuances of our possible 
engagement with fiction, and to clarify to what extent spatial and social presence are 
necessary for narrative absorption to emerge. We are going to write that article soon. In the 
meantime, we look forward to continuing the discussion. 
A final point that we want to underline, is that the focus on interoception does not downplay 
the critical role played by motor and sensory imagery. We agree with you: they are 
important for experiencing presence in an imagined world because their content is used to 
generate the interoceptive prediction. In simpler words, motor and sensory imagery 
generate an interoceptive prediction – based on the individual’s previous experiences - that 
is then compared with internal interoceptive signals. The individual feels present when 
predictions and signals do not differ. You raise the related issue of spontaneous cognition / 
mind-wandering in relation to absorption in reading. The article mentioned by you (Fabry 
and Kukkonen 2019) proposes that literary texts depend on elements of concentration to 
create the necessary absorption, but that within such absorption, readers engage in mental 
time travel within the fictional world and establish self-relevance by relating events they 
read about to their own memories spontaneously in mind-wandering. The relation between 
these two dimensions, and the textual cues provoking them, however, still need to be 
developed in greater detail. One of us is currently preparing a paper detailing an inventory 
of embodied cues for mind-wandering and attention in reading. Following what we said 
before, a possibility is that absorption is related to the possibility of the literary text of 
generating an interoceptive prediction, a possibility that also depends on the previous 
experience of the individual and on its ability to give meaning to the text.   
B. With respect to your concern about the many digressions found in the article, we agree 
that the paper is quite long, but we felt that it was necessary to introduce the different types 
of intentions and mediations. As we tried to clarify in point A above, the distinction between 
proximal and distal intentions is necessary to understand how precision weighting works in 
relation to fiction. Moreover, the same distinction is useful to account for how different 
media and technologies can affect spatial presence, social presence, and narrative 
absorption. Namely, as we discuss in the examples in sections 5.3 (Mediated action) and 5.6 
(Narrative and time), the dynamics involving focused attention and the different types of 
intentions can explain situations that are very common when reading/watching fiction or 
interacting with virtual worlds. The many possible configurations regarding a medium, its 
design in conveying a certain content, the type of content presented, and the cultural 
expectations that agents have are not something that can occasionally occur, they are what 
makes each work of fiction, game, and art having cognitive-affective effects on us. 
Therefore, a theory of narrative, fiction, and technological mediation more broadly, should 
account for how these various aspects influence perception and to what extent they are 
interdependent. Anyway, we will try to sharpen some parts of section 5, also considering 
your useful suggestion about the concept of agency and the relation between presence and 
mediation. 
Regarding the smaller issues you mentioned: 
1.   In the definition of ‘presence’ what is meant by ‘fit’ – how do we fit in the real, virtual or 
fictional world? 
With the verb “fit” we refer to the pursuit of an optimal interaction with the environment 
(including other agents), i.e. the outcome of successful predictive processing. 
2.   Subjects are present, or they experience presence? (p.3, column 2). 
We use the two phrases as synonyms: we are present when we experience presence. 
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3.   Why would predictions relating to “symbolic tools” or “physical/digital tools” be attributed 
higher precision? This is too fast and needs unpacking. 
Actually, we claim that “The main difference is related to the precision … attributed to the 
different layers of embodied predictions (Kukkonen, 2019a; Seth & Friston, 2016): 
predictions related to physical/digital tools and physical/digital objects attribute higher 
precision to exteroceptive and proprioceptive layers and/or vestibular information, 
according to the activity performed (section 5.3). Instead, predictions related to symbolic 
tools attribute higher precision to interoceptive information (section 5.4)”. 
 6.   Is it necessary to describe place illusion in terms of “the qualia of having a sensation”? Not all 
researchers agree that qualia exist so this seems a rather theory-dependent way of describing the 
phenomenon (p.6). 
We agree that it is not necessary, here we are reporting Slater’s account. 
7.   I do not agree that the notion of perceptual presence as discussed by Noë and others is 
distinct from the concept of spatial presence as discussed later in this paper (p.6). Perhaps the 
authors take the difference to map onto the distinction between interoceptive and exteroceptive 
inference. But such a sharp distinction doesn’t in my view make sense given how interoception is 
at the core of all perception and action. This is a point that is emphasised in the work of Feldman-
Barrett for example. Furthermore, presence is arguably tied to multisensory integration – the 
authors acknowledge this at various points (e.g. p.9). But multisensory integration is precisely the 
integration of exteroceptive, interoceptive and proprioceptive sensory states. 
We think they are very different concepts: “perceptual presence” is a phenomenological 
property attributed to objects/agents in relation to how they are perceived by someone, 
whereas “spatial presence” is a subjective-phenomenal state qualifying the experience of 
the perceiving agent. It may be possible that perceptual presence is required for the 
emergence of spatial (and social) presence, but this is a philosophical discussion that goes 
beyond the scope of our article. We agree with the position of Feldman-Barrett (2017): 
“allostasis (predictively regulating the internal milieu) and interoception (representing the 
internal milieu) are at the anatomical and functional core of the nervous system. These 
insights offer a range of new hypotheses—e.g. that reappraisal and other regulation 
processes are accomplished with predictions that categorize sensory inputs and control 
action with concepts”. In our view, presence is based on allostatic processes that are 
focused either on exteroception or interoception. 
8.   The PPMSC does not necessarily “downplay agency” (p.7) since counterfactuals are used to 
account for sensorimotor contingencies. I guess it depends on what you mean by agency here but 
this criticism seems weak to me. The other points you make about genre conventions and 
personal relevance work better but then one wants to know how these factors are relevant for 
responding to the paradox of fiction/book problem. 
We could have expressed this idea better. The main point is that Seth’s Predictive 
Processing SensoryMotor Contingencies model (PPSMC) presents representations as 
counterfactually poor, in comparison to “real world” action, because they can provide only a 
limited amount of sensory data to generate counterfactuals. In this conception, the 
assumption is that exteroceptive stimuli are more important for the generation of 
counterfactuals, whereas we claim that intentions and interoception can be as important, if 
not more, than exteroception, and thus generate a rich array of counterfactual predictions, 
which can make fictive, represented situations “look real”.  With respect to genre 
conventions and personal relevance, we will elaborate a bit more in the revision but will 
devote a follow-up article to exploring their role in more detail.   
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9.   Why does the book problem require a shift to interoception (p.8)? I would have thought motor 
and sensory imagery were just as important for experiencing presence in an imagined world. See 
point 8. I agree that precision is weighted towards the book as a source of sensory input and the 
imagery elicited by the text but why restrict this imagery to the responses of the internal viscera? 
Think for example of the example of Don Quixote riding his horse. The imagery here is not 
restricted the viscera and autonomic responses.  
We talked about a “shift in the precision of embodied predictions towards interoception”. 
Sensorimotor perception is important, too, when reading/watching fiction (the mediation of 
a symbolic tool like a book extends our peripersonal space, enabling us to enact 
sensorimotor actions performed by fictional agents), but the relevance of interoception is 
usually higher, namely with respect to distal intentions (see point A above). We also agree 
that imagery is important for experiencing presence in an imagined world because its 
content is used to generate interoceptive predictions.  
10.  What is meant by “evolutive tool”? 
 In this context, we meant a cognitive tool that significantly contributed to our evolution as a 
species, in terms of both our sensory coupling with the environment and our social and 
cultural relations with other agents. In particular, we suggest that by moving towards more 
advanced levels of presence the individual develops a more complex self and is able to 
enact more complex intentions. 
13. How is the concept of mediation introduced in 5.3 related to presence? 
The mediation of technology modifies the extension of our peripersonal space, thus 
enabling us to have a broader range of sensorimotor perceptions related to fiction or virtual 
spaces/agents. This extension then allows us to feel spatial presence prompted by 
perceptions had by other (fictional) agents. We will clarify our argumentation in the revised 
article.   References Fabry, R. E., & Kukkonen, K. (2019). Reconsidering the Mind-Wandering 
Reader: Predictive Processing, Probability Designs, and Enculturation. Frontiers in Psychology
, 9, 2648. https://doi.org/10.3389/fpsyg.2018.02648 Feldman Barrett, L. (2017). How Emotions 
Are Made: The Secret Life of the Brain. Houghton Mifflin Harcourt. Kukkonen, K. (2019). 
Exploring Inner Perceptions. Interoception, Literature, and Mindfulness. Journal of 
Consciousness Studies, 26(11–12), 107–132. Kukkonen, K. (2020). Probability Designs: Literature 
and Predictive Processing. Oxford University Press.  
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UK 

I enjoyed reading this theoretical review and account of presence, flow and narrative absorption. I 
thought that the authors did an excellent job in bringing together the attending conceptual and 
theoretical themes. I will comment from the point of view of active inference and predictive 
processing in theoretical neurobiology. 
 
My main recommendations would be to clarify the relationship between active inference and 
predictive processing – and to leverage a couple of formal issues in active inference that 
substantiate the authors treatment. In particular, perhaps you could consider the following: 
 
I thought it was very useful to frame the discussion in terms of narratives. The notion of a 
narrative is key for the kind of deep generative models that you refer in Section 5. As you note, 
narratives have both a spatial and temporal aspect; the latter being probably more definitive for 
narratives. It might be useful to make this explicit with a sentence like the following in the 
introduction: 
 
“Much of what follows rest upon the notion of a narrative that has an inherently sequential, 
ordinal or temporal aspect that—as we will see later—generally entails a deep temporal structure.
” 
 
In terms of the relationship between active inference and predictive processing, this can be a little 
subtle. From your perspective, I think you can assume they are the same thing. This means you 
might want to nuance a couple of references to active inference. Specifically, at the bottom of 
page 3, you refer to an extension of the standard predictive processing scheme that incorporates 
interoceptive information. In fact there is no standard predictive processing scheme. What you are 
referring to is generally called interoceptive inference, which is a special case of active inference. 
 
Could you delete "and active inference models" on page 7: you seem to imply that active inference 
does not include counterfactual probabilities. In fact, the policy selection that underwrites active 
inference is a selection from counterfactual policies. You intimate this in your footnote 2, where 
you refer to "a form of enactive inference". This is just active inference. 
 
In section 5, I was compelled by your treatment of narratives and anticipation. I think it would be 
useful to bring out the central role of generative models and, implicitly, shared narratives in terms 
of narrative absorption. Perhaps with something like: 
 
“The key construct for predictive processing (i.e., active inference) is the notion of a generative 
model. In other words, everything we do in the service of securing evidence for our model of how 
sensations are generated; the other words, a model of the latent causes or states generating the 
sensorium. In this setting, a narrative becomes part of a deep generative model that, usually, 
entails a separation of temporal scales, where things unfold more slowly with hierarchical depth. 
An obvious example here is language; however, any narrative could be cast as the ordered 
sequence of contexts that specify a subordinate sequence events that unfold for the duration of 
any context at the level above. 
 
The notion of narrative-as-a-generative model becomes especially prescient in the current setting 
because we are generally seeking narratives that best explain the sensory evidence at hand. If this 
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sensory evidence is generated by a (possibly virtual) other, then inferring the narrative that they 
have in mind can be an extremely ill-posed problem. However, this problem is finessed if you and I 
share the same narrative (i.e., generative model). In other words, if we share a narrative, I can use 
my generative model of my own engagement with the world to predict what you will do next; 
thereby enabling me to infer your intentions from your actions. This has been cast in terms of 
solving (or perhaps dissolving) the problem of neuronal hermeneutics—that underlies mutual 
understanding and theory of mind. Put simply, to identify with a character in a story, I just need to 
infer that the character shares my narratives, intentional stances and prior beliefs (i.e., my 
generative model)." 
 
There are a few simulations that speak to the implicit synchronization you refer to under this 
formulation. For example, (Friston and Frith, 20151). This may offer a formal basis for the notion of 
a shared social presence? 
 
There is quite a lot of work on artificial curiosity that may be useful for your treatment of narrative 
absorption. This ranges from intrinsic motivation in robotics to curiosity and fun in generalized 
artificial intelligence (Oudeyer and Kaplan, 20072; Parr and Friston, 20193; Schmidhuber, 20104). In 
the setting of active inference, curiosity is the thing that underlies epistemic affordance and would 
be essential for simulating "narrative absorption". The most explicit simulation of this is in terms 
of the aha moment (Friston et al., 20175). Although simulated in terms of abstract rule recognition, 
one might imagine exactly the same principles apply to the dénouement of a story or narrative. 
 
Minor points 
 
At the bottom of page 4, you refer to Mel Slater as "Mel". 
 
On page 4, the phrase "it does not multiplicate entities" was a bit confusing. What does 
multiplicate mean? 
 
I hope that these comments help in any revision. 
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Thank you for your insightful comments, we will take them into account in revising our 
article. Here we would like to reply to a few of them. 
1. With respect to the relationship between active inference and predictive processing, we 
agree that it is out of the scope of our article to distinguish between various theories of 
predictive processing, so we will nuance our references to the active inference approach. 
2. With respect to our discussion of narrative, we think it is useful to make a distinction 
between different uses of the term "narrative". If narrative is something like "narrative 
explanation" of behaviour or event sequences, then, yes, we think it can be conceived as a 
generative model. This would be a cognitively basic notion of narrative. However, if 
narrative is something like "fictional narrative" or "literary narrative", then it refers to an 
artificial structure that works with or against generative models and that explores possibility 
spaces outlined by basic narrative scripts. A predictive processing model can cover both, but 
we suppose you are referring only to the first kind of "narrative". 
 
2a. You mentioned the case in which, “if we share a narrative, I can use my generative 
model of my own engagement with the world to predict what you will do next”. In this 
sense, “narrative” is a broader cultural model functioning as high-level module in PP. 
However, we do not think it is useful to conceive of all generative models as narratives. It 
depends on the intentions of the predictive process: if the temporal dimension is dominant 
(e.g. taking up a cup that you put on the table is part of the cognitive script of ordering a 
coffee in a café and waiting for it to be ready), then it is useful to talk about narrative 
processing, a narrative organization of perceptions. But if the temporal unfolding of an 
action is not very relevant, then it is inaccurate to talk about “narrative”, e.g. if two of us are 
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in the café and got our coffee, and you put your cup on the table where we are sitting, I do 
not consider my visual processing of your action as a narrative, because in this situation I 
am normally not expecting (predicting) me to do any action with your coffee. I can infer 
from your action that you have no intention of drinking coffee for some time, but I think it is 
not appropriate to conceive of this inference as a narrative. It would be a different case if 
you explicitly invited me to try the new special blend you ordered, in which case your 
invitation will prompt a shared narrative about trying something new, hoping it tastes good, 
and me giving you an opinion about it. Again, predictions have a narrative form only in 
some cases, namely when its temporal organization is dominant in our processing of 
perceptions. 
 
2b. You also mention that “to identify with a character in a story, I just need to infer that the 
character shares my narratives, intentional stances and prior beliefs (i.e., my generative 
model)”. We do not think this is always the case. Like all the other mentioned subjective-
phenomenal states (presence, social presence, flow, and narrative absorption), 
identification with a character — extended social presence, in the terms we used in the 
article — can occur with different degrees of intensity and can be achieved through many 
different processes. What you suggest is a situation in which identification is probably quite 
strong, but it can also happen that we identify with a character even though we do not 
share with them any specific intentional stance or prior belief. For instance, it may be the 
case that our prior beliefs only align with the narrative plot more broadly, like when reading 
a “rags to riches” story and relating it to our life narrative of personal success. In this case, 
we are able to identify with the character in a broad sense, even though, let’s say, the 
character’s success is due to luck (or the author’s fiat) only. An identification might occur, 
because readers wish a similar outcome for themselves, even though they cannot expect as 
much luck but have to achieve the results through hard work. In other cases, it is even more 
simple, identification can be prompted even by the mention of a physical trait – or other 
small details – shared by reader and character, as one of us noticed it is frequently 
happening for young readers (Pianzola et al., 2020). 
 
3. Yes, the model proposed in Friston and Frith (2015) can be a formal basis for the notion of 
social presence, and it can also explain other aspects of reading fiction. For instance, a 
familiarity with the genre “detective fiction” can be conceived as a form of shared precision 
expectations between author and reader. Knowing that it is likely that a character will be 
murdered is a piece of shared information that influences the reader’s prediction about the 
“sensations generated by another” through a text. One of us articulated in more detail such 
larger, genre-based predictions in literary reading processes (Kukkonen, 2020). 
 
4. Thanks for pointing us to research on artificial curiosity. Modelling curiosity in artificial 
agents is a very interesting topic and is very relevant with respect to how "artificial 
environments" such as VR, games, and narrative can be formally modelled reducing the 
complexity of the subjective-phenomenal state that they generate, including narrative 
absorption. It would be interesting also to simulate and compare how artificial agents 
process narrative differently than humans. Namely, as artificial agents are not embodied 
(but our model is), it needs to be asked whether a level of embodiment also would have to 
be modelled for the artificial agent. Another important aspect to be considered in creating a 
computational model of narrative processing is that “artificial curiosity” seems to be a term 
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including all the three processes we have presented – curiosity, surprise, and suspense – 
but their dynamics are different both in temporal and cognitive terms, as we discuss in the 
article.   References Kukkonen, K. (2020). Probability Designs: Literature and Predictive 
Processing. Oxford University Press. Pianzola, F., Rebora, S., & Lauer, G. (2020). Wattpad as a 
resource for literary studies. Quantitative and qualitative examples of the importance of 
digital social reading and readers’ comments in the margins. PLoS ONE, 15(1). 
https://doi.org/10.1371/journal.pone.0226708  
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