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A B S T R A C T

Over the past decades, we have seen a fundamentally new form of social interaction become more and more 
common in our everyday lives: mediated social interactions, in which we do not speak to a person face-to-face, 
but the interaction takes place via a video call or some other form of technology. While most people would agree 
that a mediated interaction is somehow different from a face-to-face interaction, we currently lack a framework 
for conceptualizing what exactly is different. This is especially important when studying how mediated in
teractions shape our understanding of others' mental states and its neural basis. To address this gap, we propose a 
framework that conceptualizes the impact of social presence on social interactions and their neural un
derpinnings along a continuum of two key dimensions: sensory and temporal presence. Whereas sensory pres
ence refers to the amount of sensory information available, temporal presence refers to the immediacy or temporal 
delay with which information is available. We argue that a systematic manipulation of both dimensions is 
essential for our understanding of the impact of social presence on social cognition and affect. Our conceptual 
framework will lay ground for integrating and advancing research on this topic in social neuroscience and 
beyond.

1. Introduction

In recent years, computer-mediated social interactions have become 
increasingly important. Nowadays, work meetings, even between col
leagues in the same company, are often held via videoconferencing, 
medical and psychotherapeutic consultations are increasingly offered 
via online channels, and people talk to friends and family via video
conferencing in their daily lives. For instance, in mental health care in 
the USA, telemedicine use has increased considerably from less than 1% 
before the COVID− 19 pandemic (Busch et al., 2021) to 19% fully remote 
treatment and 69% hybrid treatment in 2024 (American Psychological 
Association, 2024 Practitioner Pulse Survey). In other words, interacting 
with others who are not physically present with us in the same room has 
become a common experience in our everyday social activities. How
ever, although most people would agree that mediated interactions are 
somehow different from direct social interactions, we lack a proper 
understanding of what is lost or gained by moving toward or away from 
direct social interactions and actual social presence. In particular, we do 

not know whether and how our understanding of the other, i.e., our 
access to the mental state of the interaction partner - what they think, 
feel and want - changes. What is the effect of social presence on social 
cognition, that is, the processes by which we understand other people’s 
minds (Lieberman, 2007)?

However, we currently lack a conceptual framework that allows for a 
systematic investigation of what characterizes the difference between 
mediated and real-life interactions. In this article, we propose such a 
comprehensive framework that enables us to systematically investigate 
the role of social presence in social interactions. Our framework is based 
on other frameworks which were originally developed in research on 
computer-mediated communication and online education (Biocca et al., 
2003; Oh et al., 2018; Short et al., 1976) and in research on online 
therapy (Grondin et al., 2019). Here, we extend and apply these previ
ous frameworks to the case of current neuroscience research on social 
interactions. Thus, our framework will facilitate the development of new 
paradigms that allow us to differentiate the separate components that 
contribute to social presence in our understanding of others. It is 

* Correspondence to: Institute of Medical Psychology, University of Luebeck, Ratzeburger Allee, Luebeck 16023538, Germany.
E-mail address: ulrike.kraemer@uni-luebeck.de (U.M. Krämer). 
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important to note that the term “social presence” is also used in many 
other research contexts that are not discussed in this paper. For example, 
it refers to a feeling of social presence in virtual realities, a sense of a 
deceased person’s presence in the context of grief, a sense of imagined 
others, and the audience effect on people’s performance (Dabas et al., 
2025; Hamilton and Lind, 2016; Nowacka et al., 2025). This paper fo
cuses on social cognition in social interactions, specifically how the 
degree of another person’s presence affects our thoughts and feelings 
about them.

We will begin by describing the framework of social presence and its 
core dimensions, namely sensory and temporal presence. For each 
dimension, we will discuss what is already known about the neural and 
behavioral effects of social presence and what is missing in the literature 
to date. We will then highlight implications for and from developmental 
research, a field that has the potential to provide fruitful additions to our 
understanding of social presence, both at the empirical level and in 
terms of experimental paradigms. Finally, we outline experimental 

approaches that can be used in the future to systematically manipulate 
social presence in order to gain an understanding of what exactly makes 
direct social interaction special.

2. Conceptual framework of social presence

Central to our conceptual framework for studying mediated social 
interactions and their effects on social cognition is the construct of social 
presence (Fig. 1). Traditionally, presence has often been understood as a 
binary feature of the situation: someone is either present or absent (Bond 
and Titus, 1983; Uziel, 2007). Here, we propose to conceptualize social 
presence as a continuum along which another is present in an interac
tion. Social presence is maximal in face-to-face communication and 
declines gradually, especially in computer-mediated interactions, 
depending on the temporal delay and the number of available commu
nication channels (e.g., visual, auditory). Thus, in our framework, we 
understand social presence as a feature of the communication medium 

Fig. 1. Framework of social presence with its two dimensions of sensory presence and temporal presence. Social interactions can vary along the two dimensions of 
social presence; a high degree of both sensory and temporal presence is given in direct, face-to-face interactions (upper right corner). Sensory presence is reduced in a 
phone call, which still allows for high temporal presence. Video conferencing reduces the level of sensory presence relative to face-to-face encounters, but has higher 
sensory presence than phone calls. However, in case of connection problems, as alluded to here, it comes with lower temporal presence. Temporal presence is further 
reduced when chatting with another person, and when watching a previously recorded video of another person. Both sensory and temporal presence are lowest when 
responding to a previously written letter of another person (lower left corner). Drawings: Cecilia Puebla Antunes.
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or the situation. We define it as the degree to which the other person is 
sensorily and temporally present, that is, the extent to which verbal and 
nonverbal cues about the other are available (sensory presence) and the 
immediacy or delay with which information about the other is trans
ferred during social interactions (temporal presence; see Table 1 for 
terminology and definitions).

Sensory presence therefore refers to the sensory channels available in 
the interaction, whether one can hear, see, touch and smell the other, 
and to what degree one can perceive the other’s facial expressions, 
gestures and bodily signals. It describes the richness of interpersonal 
cues, which can be more or less limited in computer-mediated 
communication. For instance, compared to a voice call, a videoconfer
ence provides more interaction channels, as one can see and hear the 
other. Still, it provides less information compared to a face-to-face 
meeting, during which one can see the whole body, including body 
posture and tension or gestures and also smell and at least potentially 
touch the other person.

Temporal presence in contrast refers to the immediacy or temporal 
delay within the communication, which entails the possibility to readily 
respond to the other and perceive the other’s response to one’s own 
actions. Two people in a direct conversation would be an example of 
high temporal presence, as information from one person to the other is 
transmitted instantly and with no delay. An individual watching a pre- 
recorded video of someone else implies low temporal presence due to 
the temporal delay between recording the person and presenting it to the 
other person. Text messaging would be a case of intermediate temporal 
presence as there will always be at least some temporal delay in the 
transmission of information from one person to the other, resulting in 
less fluency in turn-taking behavior.

It is important to note that sensory and temporal presence do not 
always align between social interaction partners. For example, in a video 
conference, sensory presence becomes uneven or asymmetric when one 
participant turns off their camera while the other remains visible. 
Similarly, a one-way mirror demonstrates how sensory and temporal 
presence can diverge. While one person receives detailed social infor
mation about the other immediately, no information is transmitted in 
the other direction. However, in most situations, temporal presence is 

symmetrical between interacting partners. When two people sit face to 
face, all sensory signals from one person are transmitted just as quickly 
as the other person’s signals. When texting, there is a temporal delay in 
the signal transmission in both directions. Writing letters results in an 
even larger temporal delay.

As we will see below when discussing studies on the effects of social 
presence on social cognition, the two dimensions of sensory and tem
poral presence are often not clearly separated in experimental manip
ulations. For instance, when comparing a live, direct interaction with a 
pre-recorded video presentation, both temporal and sensory presence 
are reduced in the latter condition. However, the two dimensions can be 
independently manipulated, and we argue that doing so will help to 
pinpoint which factor of social presence is relevant for which social 
cognitive process.

Importantly, as both, sensory and temporal presence, are factors that 
can be objectively measured from the environment rather than psy
chological constructs, we do not have to rely on a necessarily subjective 
interpretation of the participant’s behavior. This contrast becomes most 
obvious when considering the relationship between temporal presence, 
synchrony and reciprocity. High temporal presence, i.e., no time-lag in 
the transmission of signals from one person to another, is a prerequisite 
for behavioral or physiological synchrony between two people in a so
cial exchange. Behavioral synchrony occurs when both people act at the 
same time, and physiological synchrony occurs when changes in their 
physiological states occur at the same time. Temporal presence is also 
necessary for direct reciprocity, or the immediate, temporally contin
gent response between individuals. As we will see below, high temporal 
presence often influences social interactions by facilitating direct and 
reciprocal exchanges (Gregory and Antolin, 2019; Kulke et al., 2024; 
Rubo et al., 2020). It should be noted that social exchanges between 
individuals can be reciprocal even with low temporal presence, for 
instance, when exchanging letters. However, only in high temporal 
presence can interacting partners respond directly and immediately to 
each other. Importantly, synchrony and reciprocity are constructs that 
describe the interaction and relationship between partners rather than 
being measures of the environment.

There are other nuances that relate to sensory and temporal presence 
that could be considered and could affect interactions. For example, 
knowing that you are video conferencing with someone who is next door 
as opposed to across the Atlantic could affect social communication even 
if the degree of sensory and temporal presence as defined above is the 
same (Liberman and Trope, 2014). Differences could be due to the 
known distance between you, as well as to time zone differences that 
could affect the interaction. In addition, the possibility for verbal 
communication can be considered orthogonal to both, temporal and 
sensory presence. Verbal information can be transmitted in text-based 
communication (which is low in sensory presence) as well as in audio 
or video messages (which can vary along both dimensions of social 
presence). Thus, although verbal communication is clearly relevant to 
social interactions and for our understanding of others, we consider it to 
be a factor independent of social presence and orthogonal to the di
mensions of temporal and sensory presence. We will return to these two 
points – the epistemic state and the possibility of verbal content – in the 
outlook.

3. Differences to other theories of social presence

As pointed out above, our proposal of temporal and sensory presence 
as core dimensions of social presence is based on previous theoretical 
accounts. There are several similarities, as well as differences, between 
our social presence framework and these other theoretical accounts. The 
concept of social presence is widely used in research on computer- 
mediated communication, where it can be traced back to Short, Wil
liams, and Christie’s book on the social psychology of telecommunica
tions (Short et al., 1976). Short and colleagues defined social presence as 
a (subjective or perceived) quality of the medium that reflects the 

Table 1 
Terminology and relevant concepts.

Concept Description

Social Presence a continuous measure of the environment indicating the degree 
to which the other is present, in terms of temporal and sensory 
presence

Temporal 
Presence

the immediacy of the available sensory information, i.e., how 
instantaneous information about the other is available

Sensory presence the amount of sensory information available about a person, 
both within a modality (e.g., facial expressions, body 
movements, gestures) and across modalities (e.g., vision, 
audition, touch)

Synchrony simultaneous action or occurrence of two events; in social 
neuroscience, physiological synchrony is often investigated as 
simultaneous occurrence of physiological events

Reciprocity psychological construct reflecting the bi-directionality and 
contingency of the responses of persons in a social situation

Social Interaction any exchange of information between two or more persons. In 
the present article, we focus on the understanding of another 
person’s mental states, which predominantly includes 
mentalizing and experience sharing. More generally speaking, 
social interactions also encompass for instance interpersonal 
learning and action coordination.

Mentalizing cognitive, explicit reasoning about another person’s mental 
states

Experience 
sharing

affective, implicit access to another person’s mental states

Social Cognition the mental processes that are relevant for our understanding of 
others

Self-other- 
distinction

the ability to distinguish between our representations of our 
own mental states and those that relate to the mental states of 
others
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“degree of salience of the other person in the interaction and the 
consequent salience of the interpersonal relationship”. They hypothe
sized that the degree of social presence is central to how individuals 
perceive the interaction and the relationship with the other person 
(Short et al., 1976). Since then, various theoretical accounts and mea
sures of social presence have been suggested (Biocca et al., 2003; Oh 
et al., 2018). For instance, the dimensions of sensory and temporal 
presence are also featured in the hyperpersonal model of 
computer-mediated communication, although with different terminol
ogy (Walther, 1996; Walther et al., 2015).

Importantly however, as Biocca and coauthors (2003) pointed out in 
their influential review of research on social presence, definitions do not 
agree on whether social presence refers to a feature of the medium or to 
a psychological state. For example, in research on virtual reality, social 
presence is understood as the subjective experience of being with 
another “real” person and of being able to access their mental states (Oh 
et al., 2018). Although the degree of social presence provided by the 
communication medium or environment and the feeling or subjective 
experience of social presence will be closely aligned, it is important to 
clearly distinguish between the two. Indeed, how one conceptualizes 
social presence has far-reaching implications for psychological research. 
If social presence is understood as a property of the medium, it is an 
independent variable that can be manipulated in an experimental 
setting. If, on the other hand, social presence is defined as a feature of 
subjective experience, it has to be understood as a dependent variable to 
be measured. Using the term social presence for both, independent, 
experimental variable and dependent variable will lead to circular 
reasoning. Moreover, the various questionnaire measures of social 
presence suggest little agreement on the defining features of the sub
jective experience of social presence (reviewed in Oh et al., 2018). In our 
framework, we consider social presence to be the former rather than the 
latter, that is, a feature of the medium or the situation rather than a 
psychological state.

The temporal and sensory dimensions of social presence partially 
overlap with the relevant factors of online communication that Grondin 
and others have recently introduced in their framework for empathy in 
computer-mediated interactions (Grondin et al., 2019). They under
stand a communication medium as a filter that affects the information 
conveyed in the interaction. In their view, the degree of filtering de
pends on four main features: (1) the richness of the communication 
medium, (2) the immediacy of the feedback and the synchrony of the 
communication, (3) the transmission quality and (4) the communication 
content. The first two features bear some resemblance to the sensory and 
temporal dimensions of social presence. However, Grondin et al.’s 
approach is more specifically concerned with empathic interactions in 
dyadic relationships between clients and therapists. With our account, 
we aim to complement these theories from research on 
computer-mediated communication by providing a framework that fo
cuses on the effects of social presence on social cognition in social in
teractions and its neural underpinnings.

Interacting with others requires cognitive and affective processes 
that enable us to understand their thoughts and experiences. These 
mental processes involved in understanding other minds can be sum
marized with the term social cognition (Lieberman, 2007). In social 
neuroscience, two ways of accessing other minds are usually considered: 
the experience sharing or affective route and the mentalizing or cogni
tive route (also related to the term Theory of Mind). The neural networks 
involved in social cognition and these different routes have been 
reviewed and discussed in detail by other reviews (Abu-Akel and 
Shamay-Tsoory, 2011; Bernhardt and Singer, 2012; Frith and Frith, 
2006; Keysers and Gazzola, 2006; Lieberman, 2007; Maliske et al., 
2023). We will therefore directly move on and discuss in the next sec
tions why and how social presence and its constituent dimensions of 
temporal and sensory presence influence social interactions and their 
neural underpinnings.

4. Temporal presence and social cognition

As explained above, the temporal dimension of social presence refers 
to the immediacy or time-lag within social interactions, which entails 
the possibility of readily perceiving and responding to each other’s 
behavior. In a face-to-face meeting, temporal presence is at its highest 
because people can interact in “real time” with no time lag. However, 
depending on the communication medium, temporal presence is 
reduced. The transmission delay in today’s videoconferencing systems is 
usually quite small, but still large enough to affect turn-taking in con
versations or social interactions that require high temporal coordina
tion, such as playing music together (Onderdijk et al., 2021; Tian et al., 
2024). Temporal presence is further reduced in other communication 
media, such as online chats or instant messengers. It is lowest when the 
time delay becomes even longer, such as when one person communi
cates information in a video or text which is much later presented to 
another person, who in turn can only respond later (or, in the extreme, 
not all). Notably, the degree of temporal presence can differ between 
channels in some situations. For instance, when communicating with a 
foreigner via a simultaneous interpreter, visual and paraverbal cues are 
conveyed instantly, whereas semantic information is transmitted with a 
delay.

Instantaneous signal transmission between people is a key prereq
uisite for the smooth adjustments and temporal alignment that are often 
required in social coordination and communication, be it in synchro
nized behavior, fine-grained motor coordination or fast turn-taking in 
conversation. Indeed, synchrony, defined as the simultaneous occur
rence of things or events, which is thereby only possible within social 
exchanges with high temporal presence, is considered a basic process in 
social interactions, forming the basis for social relationships. Research 
has long studied the effects of motor synchrony on liking, trust and 
prosocial behavior (Goldstein et al., 2020; Hove and Risen, 2009; Sebanz 
et al., 2006; Wiltermuth and Heath, 2009), recently also within online 
interactions (Biswas and Brass, 2024; Gvirts et al., 2023). For instance, 
movement synchrony between physician and patient was found to 
predict the patient’s trust in the clinician (Goldstein et al., 2020). As 
mentioned above, a related factor and consequence of temporal pres
ence is the opportunity or necessity for direct and reciprocal action, 
which implies the self-relevance of the other’s behavior and the direct 
consequences of one’s own actions for the other. Different theoretical 
accounts have emphasized the relevance of synchrony and reciprocity 
within social interactions for social cognition (De Jaegher et al., 2010; 
Gallotti et al., 2017; Schilbach et al., 2013). In their opinion article, De 
Jaegher and colleagues (2010) argued that social interactions, under
stood as “autonomous agents co-regulating their coupling” (hence 
reciprocity), must be studied to truly understand social cognition. Ac
cording to their argument, critical aspects of social cognitive processes 
only become apparent in direct and, what they call, “engaged” in
teractions (De Jaegher et al., 2010). Similarly, Schilbach and colleagues 
(2013), in their influential paper advocating a “second-person neuro
science”, called for the study of social cognition in real-time social ex
changes rather than focusing on passive observers of social stimuli. 
Again, they argue that reciprocal relations and emotional engagement 
within social interactions are constitutive of social cognition. Gallotti 
and coauthors (Gallotti et al., 2017) postulate that alignment, as the 
dynamic and multilevel mechanisms involved when two or more indi
vidual agents exchange information, is the critical component for un
derstanding the nature of social interactions and social cognition. These 
different accounts agree that the degree of reciprocity and alignment 
should decisively influence, if not establish, social cognition. A prereq
uisite for direct reciprocity and temporal alignment is temporal 
presence.

So what do we know from empirical studies that have experimentally 
manipulated temporal presence about its effects on social cognitive 
processes? How was temporal presence manipulated in these studies, 
and what were the results in terms of neural measures of social 
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cognition? Several studies have investigated the role of temporal pres
ence by focusing on the behavioral and neural responses to eye gaze as 
an important interpersonal communication signal (Bohannon et al., 
2013; Hamilton, 2016; Risko et al., 2016). These studies have mostly 
compared the presentation of real-life stimuli with pre-recorded, usually 
video stimuli. Note that the comparison of real-life stimuli and videos or 
pictures pertains not only to the level of temporal presence, but also, to a 
lesser extent, to sensory presence (see below). The results of these 
studies suggest that enhanced neural responses to direct vs. averted gaze 
occurred only under real-life conditions, but not when video stimuli 
were presented (Hietanen et al., 2008; Pönkänen, Alhoniemi, et al., 
2011; Pönkänen, Peltola, et al., 2011). These effects have been found for 
the face-sensitive N170 event-related potential (ERP) component 
(Pönkänen, Alhoniemi, et al., 2011), for frontal EEG asymmetry 
(Hietanen et al., 2008), a putative marker of approach-avoidance ten
dencies, and for autonomic arousal (Pönkänen, Peltola, et al., 2011). 
Eye-to-eye contact in real time was also associated with higher 
cross-brain coherence and increased activity over temporoparietal areas 
relative to direct eye gaze in a pre-recorded video (Noah et al., 2020). 
Another study compared three situations, namely a real-life interaction, 
an interaction via a webcam, and watching a pre-recorded video 
(Hietanen et al., 2020). Both real-life (face-to-face) interaction and 
webcam interaction can be considered conditions of high temporal 
presence, differing mainly in sensory presence. The authors found that 
the skin conductance response to the direct vs. averted gaze of others 
differed only in real-life and webcam interaction, but not in 
pre-recorded videos. This suggests that temporal presence, which led to 
high self-relevance of direct gaze, was the critical factor for increased 
autonomic arousal (Chen et al., 2024; Hietanen et al., 2020; Myllyneva 
and Hietanen, 2015). In an intricate fMRI study, Cavallo and colleagues 
(2015) compared direct with averted gaze in a set-up allowing for 
face-to-face interaction of the participant within the MRI with a person 
sitting in the scanner room. They found that direct compared to averted 
gaze as well as compared to a picture of direct gaze (low temporal as 
well as sensory presence) activated a number of brain regions including 
the inferior frontal cortex, premotor cortex, ACC and AI. The mPFC was 
activated when the participant reciprocated the gaze behavior, i.e., 
during mutual gaze (Cavallo et al., 2015).

Other studies have examined how one’s own gaze behavior is 
modulated by temporal presence. For example, Rubo et al. (2020) used 
eye-tracking data from people in the lab or walking around “in the field” 
to show that interindividual differences in social anxiety affected the 
tendency to look at close others only in the field, but not in pre-recorded 
videos. Another study by Gregory and Antolin (2019) went further by 
comparing three conditions: a pre-recorded video, a live, but one-way 
webcam stream with no opportunity for direct responses and a 
two-way live webcam stream. Only when temporal presence was high 
for both interaction partners, meaning that signals were transmitted 
immediately in both directions allowing for direct interaction, was gaze 
behavior different, such that people looked less at people’s faces. Similar 
results were reported by Kulke et al. (2024) for both adults and 
4-month-old infants (see below for the developmental perspective). 
Taken together, these studies of gaze behavior and gaze processing 
suggest that temporal presence affects social attention and arousal in 
social situations.

Temporal presence also appears to have effects beyond attentional 
and perceptual processes. In a recent study using motor-evoked poten
tials as physiological read-outs, Prinsen and Alaerts (2019) showed that 
motor resonance to the other’s hand movements was enhanced during 
direct gaze only in live interactions, but not when video stimuli were 
presented. Motor cortex activation to observed actions has also been 
found to be stronger in real-life versus pre-recorded video settings 
(Järveläinen et al., 2001; Shimada and Hiraki, 2006). This is particularly 
interesting because motor cortex activation in response to observed 
actions suggests co-representation of others’ actions and intentions, 
which is considered a crucial prerequisite for more complex forms of 

empathy (Decety and Jackson, 2004). Therefore, changes in this activity 
may have consequences for our ability to feel with others who are not 
directly present. This is consistent with a behavioral study by Diana et al. 
(2023), who examined mimicry and trust behavior in three conditions 
that varied temporal and sensory presence: watching a pre-recorded 
video, an online video call, and a face-to-face interaction. Both mim
icry and trust behavior were reduced in the pre-recorded video condi
tion, but did not differ between video calls and face-to-face interactions. 
In an fMRI study, performing simple cooperative games live as 
compared to in response to a pre-recorded video led to increased activity 
in mentalizing regions as well as in the striatum and amygdala (Redcay 
et al., 2010). Notably, similar findings were obtained in a study with 
macaque monkeys. In a turn-taking choice task with other macaque 
partner either live or with a pre-recorded monkey, the condition of high 
temporal presence was associated with higher single neuron activity in 
the superior temporal sulcus (Ninomiya et al., 2021). Interestingly, in a 
behavioral study, Morgan and colleagues (2022) found that a live social 
situation compared to pre-recorded videos resulted in an increase in an 
implicit measure of mentalizing (eye-gaze behavior), even though in
dividuals did not directly interact in the social situation.

In a hyperscanning EEG study measuring mother-adolescent dyads in 
two conditions, face-to-face interaction and texting communication 
from different rooms, Schwartz and colleagues observed increased 
fronto-temporal interbrain-coupling during the face-to-face interaction 
relative to texting. Moreover, the degree of increased interbrain 
coupling was correlated with behavioral, but not affective synchrony 
(Schwartz et al., 2024). In a similar study using fNIRS, Sacristan and 
colleagues observed increased dorsomedial PFC activity in text-based 
communication compared to face-to-face interactions (Sacristan et al., 
2023). However, as texting differs from face-to-face interaction in 
terms of both temporal and sensory presence, it is difficult to attribute 
these effects to one dimension or the other. Interestingly, we found in a 
recent study that temporal presence did not affect behavioral and 
neurophysiological indices of pain empathy, including physiological 
coupling (Heimann et al., 2025), although the neural responses to the 
other’s pain were delayed when observed in a pre-recorded video as 
compared to a live, video-mediated interaction.

In summary, the role of temporal presence has been studied mostly, 
but not exclusively, with respect to gaze behavior. This research suggests 
that high temporal presence leads to altered social attention, increased 
social perceptual processes and heightened arousal, but also affects both 
mentalizing and experience-sharing processes (Fig. 2), although results 
are limited and not fully consistent. Very few studies have investigated 
the neural basis of these effects. Moreover, the common comparison of 
face-to-face interactions and pre-recorded videos complicates the task of 
determining which aspect of social presence drives these effects, as the 
two conditions vary along both dimensions.

5. Sensory presence and social cognition

Sensory presence refers to the richness of interpersonal cues pro
vided by the type of information channels available. Again, face-to-face 
meetings provide the highest sensory richness to experience the other 
person. Video calls may already reduce some of the more subtle visual 
and auditory information and do not provide olfactory or haptic infor
mation, whereas phone calls further reduce the information to only 
auditory signals. Text messages are at the lowest extreme of sensory 
presence, providing no direct sensory information about the other per
son, but only indirect, verbal information. Notably, sensory presence can 
be reduced even in situations when two people are in the same room, 
such as when they are sitting back-to-back or when something blocks 
visual or auditory contact. Moreover, depending on the communication 
medium, certain information within a sensory channel might be 
reduced. For instance, we often do not see the other’s hand gestures or 
posture when videoconferencing, which might also influence our un
derstanding or experience of the other.
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Several recent studies in social neuroscience have begun to disen
tangle the contribution of different facets of sensory presence to social 
interactions and their neural and physiological correlates. More specif
ically, social neuroscience work has shown that people respond to sen
sory cues from others by sharing the other’s physical perspective, their 
affective state or their action intentions. Based on this, one might expect 
that high sensory presence facilitates understanding others by providing 
more cues about the other’s state.

Several studies have examined how the availability of interpersonal 
cues affects physiological coupling, i.e., the association between 

physiological signals (e.g., heart rate, skin conductance) of two or more 
individuals (Jarvela et al., 2016). For example, studies have shown that 
reducing the amount of information available during a task by setting up 
a physical shield between participants in the same room reduces car
diovascular and electrodermal coupling (Behrens et al., 2020; Murata 
et al., 2020). Crucially, in both of these studies, participants were 
engaged in the same task and perceived the same task-relevant stimuli in 
both conditions, demonstrating that visual cues about the other’s state 
are important for physiological coupling and not only being engaged in 
the same task. This was also found for interpersonal neural synchrony, 

Fig. 2. Experimental work on social presence. A Examples of experimental manipulations which reduce sensory (from face-to-face to videoconference) and temporal 
presence (from videoconference to pre-recorded video) in an empathy for pain task. Note that many studies compare face-to-face interactions and pre-recorded 
videos, changing both the degree of sensory and temporal presence. B Depiction of the two core neural networks of social cognition, mentalizing and experience 
sharing networks, and summary of empirical findings on the effects of social presence on these networks and beyond. Manipulations of sensory presence led to 
increased autonomic arousal, increased affective resonance and turn-taking behavior and to altered physiological coupling, neural coupling and experience sharing. 
A higher degree of temporal presence was associated with altered gaze behavior and arousal, increased experience sharing and mentalizing activity and neural 
markers of attention. Abbr.: SMC supplementary motor cortex, FP frontoparietal areas, aI anterior Insula, mPFC medial prefrontal cortex, TP temporal pole, TPJ 
temporoparietal areas. Drawings: Cecilia Puebla Antunes.
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measured with EEG, in a recent study by Koul et al., (2023). When pairs 
of participants were able to see each other, they not only showed more 
synchronized behavior (body movement, eye contact, smiling), but also 
higher neural synchrony. Goldstein et al., (2018) demonstrated the 
importance of touch for neural coupling during a pain empathy task. 
When holding hands, romantic couples showed higher neural coupling 
in the alpha/mu band during the administration of pain to one of the 
partners, and the amount of coupling was found to correlate with 
empathic accuracy. Together, these studies suggest that even when 
participants are in the same room, access to richer sensory information 
about the interaction partner – reflecting higher sensory presence – can 
enhance physiological and neural coupling and promote more accurate 
empathic responses.

Whereas these studies manipulated the sensory input available about 
the other person when both interaction partners were in the same room, 
others have examined the influence of sensory presence in mediated 
interactions. In simple eye-contact tasks, high degrees of sensory pres
ence (face-to-face encounters) were associated with higher interbrain 
coupling between (temporo)parietal areas, increased theta activity, 
higher arousal and higher visual dwell time on the face compared to 
online encounters (Sato and Sato, 2025; Zhao et al., 2023). In one of our 
own studies, we examined the effect of sensory presence on empathy for 
pain by comparing direct, face-to-face interactions with indirect, 
webcam-transmitted interactions (Petereit et al., 2023). When observing 
another person in pain via webcam, participants showed reduced 
physiological coupling (SCR) with that person and reduced neural re
sponses (theta power) to the other’s pain compared to the same inter
action while being in the same room. However, the neural differences 
were relatively small, and no behavioral effects of the reduced sensory 
presence were observed. Other studies have used more naturalistic and 
story-based paradigms like the empathic accuracy paradigm, in which 
participants watch videos of people telling emotional stories from their 
lives and are asked to rate their own or the other’s affective experience 
(Ickes et al., 1990). Using this approach, Hall and Schmid Mast (2007)
investigated sources of accuracy by presenting video-based interactions 
in different cue modalities (full video, audio, transcript, or silent video) 
and with different instructions (infer thoughts and feelings, infer 
thoughts, or infer feelings). Verbal information contributed the most to 
accuracy, followed by vocal nonverbal cues. Visual nonverbal cues 
contributed the least, although still at levels above zero. When asked to 
infer feelings, perceivers appeared to shift their attention to visual 
nonverbal cues and away from verbal cues, and the opposite occurred 
when they were asked to infer thoughts. Consistent with these findings, 
we and colleagues have shown that the auditory, mostly linguistic, in
formation is most important for empathic accuracy, but that people were 
still better than chance when they had to rely on visual information 
alone (Jospe et al., 2020). Interestingly, the reduced sensory presence 
when seeing but not hearing the other person led to increased physio
logical (heart rate) synchrony, suggesting enhanced affective resonance 
(for similar results with EEG, see (Genzer et al., 2022)). In an even more 
realistic design (live interactions via the Zoom platform), one of our labs 
showed that seeing each other is less important for empathic accuracy 
than hearing each other, but crucial for enhancing experience sharing, 
for feeling together, listened to and empathized with (Genzer et al., 
2025). Note that auditory information in these studies was 
confounded with semantic information. It would be interesting in future 
studies to disentangle the relative contribution of semantic and para
verbal, auditory information by presenting stories in a foreign language, 
which the listeners do not understand.

These results are thus consistent with the above-mentioned effects of 
sensory presence on empathy for pain, particularly impacting affective 
resonance rather than empathic accuracy. Others have examined 
conversational behavior and tested whether and how it changes in 
computer-mediated interactions compared to face-to-face meetings 
(Balters et al., 2023; Hu et al., 2025; Schwartz et al., 2022). For example, 
Balters et al. (2023) reported that conversational turn-taking in dyads 

engaged in different tasks (problem solving, socio-emotional tasks) was 
reduced when participants interacted via videoconferencing compared 
to face-to-face. Furthermore, reduced turn-taking behavior was associ
ated with reduced interbrain coherence between right frontopolar re
gions, measured with fNIRS. As videoconferences also come with at least 
subtle temporal delays, a reduction in temporal presence might have 
played a role here as well. These results are consistent with an EEG study 
by Schwartz et al. (2022), who asked mothers and their adolescent 
children to communicate in person or via videoconference. Again, direct 
interaction led to increased indices of interbrain coupling that were 
associated with communication behavior (gaze synchrony, empathic 
social engagement) only during the direct interaction, but not during 
videoconferencing.

In summary, sensory presence has been studied primarily for its ef
fects on empathy and communication. Studies have mostly compared 
face-to-face interactions with videoconferencing and have shown effects 
on both neural measures of interbrain coupling and single-brain mea
sures of empathy. There is by now converging evidence for a reduction 
of interbrain coupling with reduced sensory presence, although the 
behavioral implications of this reduction are less clear. In particular, 
conversational behavior, empathic accuracy and task performance in 
these studies did not generally change from direct to indirect in
teractions, as long as the auditory stream was present, suggesting a 
relative flexibility of human social cognition to adapt to the reduction in 
interpersonal cues available in videoconferencing for accurately infer
ring the emotional states of others. Sensory presence may be more 
important for “feeling with” the other as well as for other aspects of the 
affective experience (e.g., feeling together, being “in sync”). Generally, 
it is still unclear what specific aspects and what interindividual factors 
drive effects of sensory presence - is it the available sensory cues (eye 
gaze), olfactory signals, the potential for touch or other sensory signals?

Although a higher degree of sensory presence and thus more inter
personal cues is likely to be beneficial in most cases, there may be 
conditions under which a higher degree of sensory presence is detri
mental to a person’s understanding of others. First, these interpersonal 
cues must be integrated which becomes more challenging as more in
formation is available. Therefore, in cases where this integration is 
impeded, sensory presence may actually impair understanding of others. 
This is likely to be the case in Autism Spectrum Disorder, where in
dividuals have difficulty integrating social cues in social interactions 
(Ashwin et al., 2015; Krach et al., 2015; Schilbach, 2016; Schilbach 
et al., 2013). Thus, individuals with Autism Spectrum Disorder may 
actually benefit from reduced levels of sensory presence. Second, more 
sensory cues about the other’s state might also challenge the ability to 
discriminate between self-generated and other-generated responses. As 
explained above, interpersonal cues about the other’s perspective, in
tentions or affective states automatically activate one’s own mental and 
neural representations of those affective states, intentions and perspec
tives. Therefore, when interacting with others, we need mechanisms 
that distinguish between mental representations of our own state and 
the other’s state. This ability is often referred to as self-other distinction, 
and it is thought to be impaired in several psychiatric conditions such as 
Borderline Personality Disorder, Autism Spectrum Disorder or Schizo
phrenia (De Meulemeester et al., 2021; Eddy, 2018; Goregliad Fjael
lingsdal et al., 2025; Lamm et al., 2016; Pronizius et al., 2024). A 
situation with a high level of sensory presence with its abundance of 
social cues might therefore be detrimental for people with difficulties in 
self-other distinction. However, these are open questions that remain to 
be investigated.

6. Role of social presence in development

One area that has the potential to provide important insights for a 
better understanding of social presence is developmental research. First, 
while adults have been socialized – to varying degrees – with both real 
and mediated interactions, and thus have certain knowledge and 
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expectations about how they work and how they differ, young children 
are just beginning to learn the rules of social interactions as well as the 
function and attributes of mediated interactions. In addition, a number 
of higher cognitive as well as lower-level perceptual skills do not mature 
until childhood. For example, even in middle childhood (6–11 years 
old), children are less sensitive to audiovisual temporal asynchrony than 
adults (Hillock-Dunn and Wallace, 2012; Kaganovich, 2016), which 
could have implications for temporal presence constraints in social in
teractions. Thus, considering children and developmental patterns may 
help us tease apart effects that arise from our experience with mediated 
communication from those that are inherent to such interactions. Sec
ond, from an experimental point of view, the manipulation of sensory 
and temporal presence has long been a topic of investigation in devel
opmental psychology, especially when it comes to language acquisition. 
Hence, considering paradigms from developmental research may be 
informative for adult paradigms as well.

As described for adults in the previous sections, a common com
parison also in developmental research has been that between real-life 
interactions (i.e., high sensory and temporal presence) and videotaped 
recordings (i.e., low sensory and temporal presence). In particular with 
respect to language acquisition, infants and young children in the first 
two years of life learn less from video recordings than from instructions 
given by a real-life person (Kuhl et al., 2003), a phenomenon termed the 
“video deficit” (Anderson and Pempek, 2005). Also in other domains, 
such as object retrieval (Kirkorian et al., 2015), action imitation (Barr 
et al., 2007), or identity recognition (Myers et al., 2017), children 
perform better after seeing a real person compared to a recording (see 
Strouse and Samson, 2021, for a recent overview). This effect is observed 
not only at the behavioral level, but also at the neural level. Infants show 
stronger mu suppression, an EEG signal thought to be related to simu
lation of motor acts, or “mirroring” of the other (Pineda, 2005), during 
live observations compared to video recordings (Ruysschaert et al., 
2013), and a greater difference in activation in motor area between 
observing actions and simple object motion (Shimada and Hiraki, 2006). 
Both findings are comparable to the adult results discussed above, sug
gesting a co-representation of others’ actions already early in develop
ment. Interestingly, the video deficit appears to be strongest in the 
second year of life, with both infants and older children showing a 
weaker deficit (Barr and Nichols Linebarger, 2016).

A number of explanations have been proposed for this video deficit. 
For example, a 2D image contains less perceptual information compared 
to a 3D image, referred to as “perceptual impoverishment” (Barr et al., 
2007; Kirkorian et al., 2015), which may make encoding and decoding 
more difficult for young children. In addition, infants need to learn that 
2D screen representations are a symbolic representation of 3D 
real-world entities with different properties that are still informative 
about the real world (Troseth, 2010). These properties include physical 
properties such as depth, but also more abstract properties such as 
anchoring in space and time. Finally, and most relevant to the social 
aspect, is the lack of interactivity, which results in the absence of 
contingent responding and reciprocity. Since contingent responding is 
fundamental for social learning from an early age (Csibra, 2010), its 
absence unsurprisingly hinders socio-cognitive performance. Thus, 
temporal presence appears to play a key role even early in development.

Accordingly, studies that directly compared videoconferencing sce
narios in which children actively interact with a person on a screen to 
passive screen viewing have shown several advantages for the interac
tive condition. Young children demonstrate better learning performance 
and person recognition (Myers et al., 2017), higher rates of imitation 
(Nielsen et al., 2008), and improved word learning (Roseberry et al., 
2014). Infants also look less at prerecorded videos than at live videos 
or live interactions (Hains and Muir, 1996; Stormark and Braarud, 
2004). However, other research has produced less clear-cut results. For 
example, Troseth et al. (2018) systematically examined the role of 
contingent responding (i.e., responding to the child’s behavior by 
smiling, pausing when the child is distracted etc.) and sensory presence 

on word learning in toddlers. They found that while children success
fully learned in the contingent live condition, they failed to do so in both 
the contingent (similar to a videoconference) and noncontingent video 
conditions, indicating that sensory presence was the relevant factor for 
learning. Finally, a recent meta-analysis found that children between 
0 and 6 years were worse at learning from videos compared to 
face-to-face interactions, irrespective of whether the videos were pre
recorded or a live videoconference scenario (Strouse and Samson, 
2021).

While most studies in infants focus on some form of learning (e.g., 
language learning but also learning about the location of objects in a 
room), less is known about the influence of social presence on infants’ 
affective responses. At least one study directly compared 6–12-month- 
olds’ affective responses to their mother playing peekaboo in a live 
interaction, a contingent video condition, and a non-contingent video 
condition, and found no difference in infants’ behavioral displays of 
affect (smiling, looking at the camera) and physiological responses 
(heart rate, respiration rate, skin conductance) (McClure et al., 2020).

Thus, studies in young children suggest that even early in develop
ment, manipulation of sensory and temporal presence has subtle in
fluences similar to those described above for adults, but that even young 
children can already adapt to mediated interactions. The socio-cognitive 
system thus appears to be flexible enough from an early age to accom
modate situations of impoverished social presence. This raises the 
question to what degree children who grow up with an increasing 
exposure to mediated social interactions in virtual settings, as may be 
the case in the near future, might become even more proficient in 
compensating reduced physical and/or temporal presence. Perhaps, 
future generations who have been socialized in virtual interactions from 
early on might show a smaller response to a reduction in social presence 
than adults currently do (Venter, 2017). Notably, however, most rele
vant studies in development have focused on some aspect of cognitive 
processing, such as language acquisition or spatial cognition. Expanding 
this research to include social cognition related to understanding others 
would therefore be important for a better understanding of the under
lying developmental trajectories.

7. Methodological challenges in studying social presence effects

First and foremost, to understand how social presence affects social 
interactions, we need a framework that allows us to make predictions 
regarding under what conditions and at what point in processing we 
expect changes in social cognition to occur, and which brain networks 
we expect to be involved. Without such a framework, even a direct 
contrast between conditions of high and low social presence will only 
allow the conclusion that high social presence allows for better under
standing or leads to differences in neural activation, but will not provide 
insights into the underlying mechanisms. The present manuscript pro
vides such a framework.

As discussed at the beginning of this article, the key to understanding 
the contribution of sensory and temporal presence to social under
standing is the ability to systematically manipulate these factors. While 
traditional social neuroscience relies on a highly reduced operationali
zation of social presence, typically presenting photographs or audio 
recordings, in recent years, second person neuroscience has begun to 
develop paradigms characterized by a higher degree of social presence. 
These include the use of videos, either live or recorded, as well as actual 
social interactions (Dikker et al., 2020; Dumas et al., 2020; Kelsen et al., 
2020; Meshulam et al., 2021; Reinero et al., 2020). The implementation 
of such paradigms is challenging, as today’s neuroscience methods 
(fMRI, EEG but also fNRIS) have a number of constraints such as sus
ceptibility to motion artifacts or very specific positioning of the subject 
in the MRI scanner. However, the challenge raised in the present article 
is not the lack or difficulty of naturalistic paradigms per se, but rather 
the lack of paradigms that systematically manipulate facets of social 
presence in the field of interactive social neuroscience.
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From a practical standpoint, the challenge here is to develop para
digms that manipulate one aspect of social presence while holding 
everything else constant. One useful starting point for addressing this 
challenge is the approach used in many of the above studies (visualized 
in Fig. 2A). These studies contrasted a live interaction, a video-mediated 
interaction, and a pre-recorded video (Diana et al., 2023; Gregory and 
Antolin, 2019; Heimann et al., 2025; Hietanen et al., 2020; Morgan 
et al., 2022; Petereit et al., 2023; Prinsen and Alaerts, 2019), thus having 
a condition of high temporal and sensory presence (live interaction), 
high temporal but medium sensory presence (video-mediated interac
tion) and low temporal and medium sensory presence (pre-recorded 
video). We also applied this approach in our research on the effects of 
social presence on pain empathy. In two studies, we manipulated sen
sory presence by comparing direct, face-to-face interactions with 
video-mediated interactions (Petereit et al., 2023), and we manipulated 
temporal presence by comparing live, video-mediated interactions with 
pre-recorded videos (Heimann et al., 2025). In other studies, we reduced 
sensory presence by limiting the sensory channels through which par
ticipants could interact (e.g., providing only an audio channel, not a 
video channel) (Genzer et al., 2025), while keeping temporal presence 
constant. Alternatively, one could manipulate temporal presence by 
gradually increasing the temporal delay in a video-based interaction, 
while keeping the sensory information the same.

However, a realistic interaction with high temporal presence, 
whether live or video mediated, is by its very nature a setting that is 
difficult to control. Even with detailed instructions, we cannot know in 
advance exactly how participants will behave in a live interaction. In 
contrast, we know exactly what will happen in a pre-recorded video. To 
account for this discrepancy, most studies use video recordings of a 
previous live interaction as a subsequent prerecorded video stimulus 
(Diana et al., 2023; Morgan et al., 2022; Prinsen and Alaerts, 2019). 
However, this implies that the live interaction is always the reference 
point from which the prerecorded condition is derived (rather than a 
balanced comparison between the two). Furthermore, since no two live 
interactions are identical, the body of stimulus material is potentially 
very heterogeneous, raising the challenge of how to extract general 
patterns, and the need for a larger number of participants to find sig
nificant effects. A related challenge is the fact that social interactions per 
se must be operationalized in a meaningful way that (a) allows for a 
brain-behavior link, (b) captures the essence of social interaction, and 
(c) translates across different manipulations of social presence.

Another issue, which we touched upon before is the symmetry or 
asymmetry of temporal and sensory presence in social interactions. 
Although this aspect could be very relevant for social cognitive pro
cesses, only a few studies have directly manipulated it, and more 
research is needed. Most studies, our own work included (Heimann 
et al., 2025), which presented pre-recorded videos as condition of low 
temporal presence, do not control whether the participants and the 
people in the videos will have the opportunity to interact later on. In 
other words, the relationship between the people involved in the social 
interaction is often not specified.

Finally, there are certain limitations to what we can currently, or 
even in principle, distinguish in the study of social presence. First, while 
visual and auditory signals can be quite reliably conveyed in a mediated 
form, such as a video or a phone call, this is not the case for other 
relevant sensory modalities such as touch. Also, social odors, which can 
in principle be conveyed in a mediated way (and are, in fact, evolu
tionary the most important modality for conveying information without 
the presence of the interaction partner) (Lledo-Ferrer et al., 2011; Lubke 
and Pause, 2015), are rarely included in systematic studies of social 
presence. Even the visual modality that is typically studied is often only 
transported to a certain extent, namely in a 2D way. While recent VR 
approaches allow for the presentation and manipulation of 3D infor
mation (Thurley, 2022), this typically comes at the expense of natural
ness of the presentation, with avatars - at least today - often being a 
rather poor representation of a real person. In practice, these subtle 

nuances of sensory presence are difficult to manipulate systematically, 
which often leads researchers to contrast conditions that are conceptu
ally very far apart (e.g., a live interaction and a pre-recorded video, 
which differ in terms of temporal presence as well as multiple aspects of 
sensory presence such as the presence of 3D information, touch, and 
odor).

On a more fundamental level, while sensory presence can be 
manipulated quite easily while maintaining high temporal presence (e. 
g., in a phone call), the reverse is not true. It is difficult to reduce tem
poral presence while maintaining high sensory presence, because some 
sensory information cannot be transmitted in a mediated way. When a 
person is able to touch and be touched by another person, they neces
sarily have a high temporal presence. However, despite these limita
tions, it is generally possible to manipulate the two dimensions 
independently. We therefore believe that with a theoretical framework, 
along with ongoing advances in communication platforms (e.g., in vir
tual or augmented reality), experimental psychologists and neurosci
entists are well equipped to begin systematically investigating these 
questions, in order to better understand how sensory and temporal 
presence affect social interactions.

8. Outlook – How to better understand social presence in the 
future

While several lines of research have begun to explore the role of 
social presence in social interactions and its neural underpinnings, a 
conceptual framework has been lacking. We are convinced that the 
current framework will help to synthesize the empirical evidence, allow 
for a more systematic and comprehensive understanding of previous 
work, help to identify critical limitations, and provide insight into future 
directions. For example, we have found that social presence is often 
manipulated in ways that confound temporal and sensory presence, 
making it impossible to draw conclusions about the specific factors 
driving observed effects. Thus, our framework can help inform the 
design of future experiments that systematically and independently vary 
the degree of sensory and temporal presence across different cognitive 
and affective domains.

In addition, a common conceptual framework for social presence will 
help to bring together currently disparate lines of research. For example, 
while the effect of social presence in early language learning has been 
studied quite systematically, we know little about its effect on social 
interactions in early development and its neural underpinnings. To 
investigate whether the influence of social presence in adults is the 
product of lifelong learning or a deeper, inherent component of social 
interactions, a better understanding of its effects in infancy would be 
highly informative. At the same time, developmental research may 
provide valuable paradigms for adult research, as the systematic 
manipulation of contingency and interaction medium (closely related to 
our concepts of temporal and sensory presence) is commonplace in 
research on early language learning (Troseth et al., 2018).

Future paradigms should go a step further by incorporating both 
finer-grained and more far-reaching manipulations. Current studies that 
manipulate social presence most often include conditions of natural 
interactions and screen-based interactions (manipulating sensory pres
ence), sometimes in addition or as an alternative to a pre-recorded video 
of an interaction (manipulating temporal presence). A more fine-grained 
manipulation of sensory presence might systematically compare text, 
audio and video, odor or touch. Manipulations of temporal presence 
might consist of a systematic manipulation of temporal delays (similar to 
a progressively worse connection in a video call), addressing questions 
such as how much delay is tolerated, and are the effects of reduced 
temporal presence on cognition gradual or sudden?

At the same time, modern technologies such as virtual or augmented 
reality allow for a new and more systematic investigation of social 
presence that is not possible with traditional methods (Oh et al., 2018). 
For example, what is the qualitative difference in terms of social 
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presence when meeting a person in virtual reality compared to a video 
call? Both scenarios include visual and auditory information, but virtual 
reality lacks many visual and auditory details. It also lacks olfactory or 
tactile information, despite sharing a high level of temporal presence 
with the other scenario. Virtual reality technology allows for the precise 
manipulation of the different sensory channels and temporal delays in 
communication and the interaction partner’s behavior. This allows us to 
clarify which features contribute to the perceived difference between 
virtual reality and a video calls, as well as differences in social cognitive 
processes (Hasler et al., 2021; McCall, 2017; Seinfeld et al., 2018).

While the framework of sensory and temporal presence proposed in 
this article provides an important starting point for a systematic study of 
social presence, social presence may include certain components not 
captured by the framework. As alluded to in the introduction, one aspect 
not addressed is the epistemic state of a person; how does my knowledge 
of whether I am interacting with a person (as opposed to a screen 
recording, a virtual avatar or an AI) affect social presence? Work of Rice 
and Redcay suggest that the epistemic state is indeed highly relevant: 
When participants believed that stories were being told over a real-time 
audio feed, they showed increased activity in mentalizing regions 
compared to when they believed to be listening to a pre-recorded story, 
although in fact the stories were always pre-recorded (Rice and Redcay, 
2016). Moreover, while the current framework focuses on social in
teractions between people, these important questions should be 
considered when extending the framework to incorporate 
human-machine interactions. In particular, as large language models 
(LLMs) are increasingly used for social-emotional support and mimic 
expressions of interpersonal emotional responses such as empathy, 
compassion, and caring (Rubin et al., 2024; Sharma, Lin, et al., 2023; 
Sharma et al., 2023), the question arises as to whether the same concepts 
of social presence also apply to social interactions with AI.

Another facet only briefly discussed above is the role of verbal and 
semantic content in social interactions. As mentioned above, verbal in
formation can be transmitted via different sensory channels and across 
different time-scales. In our framework, we consider verbal communi
cation therefore an independent factor for our understanding of others, 
which is orthogonal to the dimensions of social presence. However, it 
remains an open question for future research whether the factor of 
verbal information interacts with the effects of sensory or temporal 
presence. For instance, verbal information in a direct conversation could 
have different effects compared to the same written information in text 
messages, which go beyond the effects that can be attributed to other 
aspects of sensory presence (non-verbal and paraverbal information) or 
temporal presence (reciprocity, relevance).

In our article, we have only briefly touched on clinical aspects of 
social presence research, or, more generally speaking on interindividual 
variability in the experience of social presence. However, understanding 
the effects of social presence on social interactions is clinically relevant 
in (at least) two ways. First, as online psychotherapy becomes more 
common, we need to understand how reduced social presence affects 
empathic understanding and communication, trust and, more generally, 
the therapeutic alliance in online settings. This question has been dis
cussed in detail by Grondin et al. (2019). Second, psychiatric disorders 
may be characterized by dysfunction in the very cognitive and affective 
skills that depend on high social presence. People with Autism Spectrum 
Disorder might be particularly sensitive to variations in both temporal 
and sensory presence, and might even benefit from reduced social 
presence. Individuals with difficulties in self-other distinction, for 
example because of a Borderline Personality Disorder, may also show 
specific impairments in social interactions with high levels of social 
presence. Thus, only social neuroscience studies that place participants 
in situations of varying social presence will allow us to fully delineate 
these critical functional differences.

A better understanding of the influence of social presence on our 
understanding of others is not only of academic interest, but also has 
strong implications for the unprecedented digitalization we are 

currently experiencing. To what extent can mediated interactions, such 
as a video call between a toddler and her grandparents, or a virtual 
appointment with a psychotherapist, in principle substitute for live, 
face-to-face interaction? Is this simply a matter of improving technology 
to avoid bad connections? Or is there a more fundamental component to 
live interactions that cannot be captured technologically in the fore
seeable future? Theoretical and empirical work on computer-mediated 
communication has provided much insight into social information 
processing in digital environments, particularly with regard to online 
education and communication in work contexts (Biocca et al., 2003; Oh 
et al., 2018; Walther, 1996; Walther et al., 2015). With our framework, 
which is more tailored to neuroscience research on social cognition, we 
extend this research with a neurobiological perspective. Answering 
these questions is critical to informing digitization policies in all areas 
where social interactions require more than the exchange of objective 
information. This includes the medical sector, where the personal alle
giance between healthcare providers and patients is highly relevant to 
the outcome, but also any company that increasingly relies on virtual 
meetings must ask whether and to what extent social cohesion among 
employees is affected when information exchange is largely shifted to 
virtual environments.

9. Conclusion

Social presence, or the lack thereof, is a key parameter in our un
derstanding of others. To better understand its role also on a neurobi
ological level, we believe it is crucial to systematically manipulate the 
factors that contribute to social presence. Here, we present a framework 
for achieving this that incorporates two key features of social presence: 
temporal and sensory presence. Only by better understanding the 
distinct contributions of these features to social cognition can we fully 
grasp the core elements that define social presence. This research will 
form the basis for deriving a neurobiological model of social presence 
and its role in social interactions.
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