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Social presence, the sense of connection with another, is more important than ever as
teachers, healthcare providers, and other professionals are using immersive tools to
facilitate the social interaction for education, training, therapy and collaboration between
geographically distributed humans and surrogates (avatars, agents, or robots). Leading
researchers cite the subjective nature of the traditional self-report measures of social
presence and the absence of a standardized approach to measuring social presence as a
constraint to gaining deeper understanding of user’s experiences of emerging and existing
tools. This discourse highlights behavioral indicators of social presence that have been
identified over decades across disciplines from psychology, communication, computer
science, education, and engineering. The authors explicate the behavioral themes of social
presence and describe a classification system grounded in exogenic and endogenic
themes of social presence. This article goes on to describe the design of a social presence
behavioral coding system (SPBCS) instrument that provides a structure to coding
behaviors associated with a users’ experience of social presence. The behavioral
coding system described in this paper is the first step in creating a robust
standardized approach to quantifying social presence through behavioral,
physiological, and subjective indicators that ultimately may replace the current
standard subjective approaches to describing the user’s experience in all realities.

Keywords: mixed reality, human computer interaction, user experience evaluation, research methodology, social
presence

1 INTRODUCTION

The re-emergence ofVR as a consumer tool, with the 2013 release of theOculus Rift, has led to a surge in the
discussions about virtual environments, beings, and the tools made available to mediate human
communication in virtual spaces (Bailenson et al., 2001, 2005). In addition to the virtual collaboration
tools, such as second life, that have been popular for allowing people to communicate with others while
representing themselves as avatars on computer screens, new tools, such as Virbela, VRChat, AltSpaceVR,
and Rec Room, afford the possibility of communicating with others in a virtual space that may be displayed
in an immersive VR headset (Barreda-Ángeles and Hartmann, 2022). While it has not been established
which tools are best for different use cases, it is certain that these tools still share the primary goal of allowing
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people to connect through computers. There are questions about the
effectiveness of these computer mediated communication tools and
the degree towhich any of these tools canprovide the experience of the
face-to-face social interactions that they are meant to replace (Biocca
et al., 2002; Slater, 2004; Hayes, 2015; Oh et al., 2018).

Historically, researchers and practitioners have evaluated social
interaction mediated through immersive interfaces by various
measures of social presence, or the sense of connection with
another (Biocca et al., 2002; Slater, 2004; Hayes, 2015; Oh et al.,
2018). Social presence is a sub-construct of presence derived from the
constructs: telepresence and co-presence. Initially telepresence
expressed the sensation teleoperators had of being at the remote
worksite rather than at the operator’s control station (Minsky, 1980).
Over time, presence has been simplified to be “the subjective
experience of being in one place or environment, even when one
is physically situated in another” (Witmer and Singer, 1998, p. 1).
Presence is defined as feeling as if one is “there,” while co-presence
describes the feeling of “being there with another”. Scientists have used
these constructs to evaluate the effectiveness and user experience of
teleoperated, remote, and virtual experiences for decades (Chuah et al.,
2013; Lu and Fan, 2016). For some experiences, e.g., operating a robot,
the sense of presence is central to the effectiveness of an interaction (Lu
and Fan, 2016). For other experiences, e.g., teaching a classroom of
students, the sense of connection with others is critical. Further, when
considering the connection experienced during a computer mediated
interaction, the specific notion of presence is not always necessary.
Onemay feel co-presentwith someone, evenwithout the experience of
presence, e.g. talking on the phonewith someone; in contrast, onemay
be quite present in the physical location with another, but still feel
socially disengaged, disconnected, or not socially present.

The instruments used tomeasure these constructs have undergone
myriad changes over the years, from design and delivery to evaluation.
The majority of these instruments collect subjective self-report from
users of the technology. These results are useful, but often lack
accuracy and users frequently misrepresent their experiences for
various reasons from biases, such as a conformational bias in
which the participant tries to please the researcher, to limited self-
awareness. Leading researchers have even cited the futility in much of
the existing design that focuses this research on subjective measures
(Gunawardena and Zittle, 1997; Mennecke et al., 2011; Richardson
et al., 2017). However, because of the lack of a simple substitute to the
traditional subjectivemeasure, researchers continue to use the tools we
have, which are frequently subjective self-report through
questionnaires, notwithstanding the acknowledged limitations. The
current paper explores the development of a social presence behavioral
coding system (SPBCS) meant to provide a simple quantifiable
supplement to the way we understand user’s experience of social
presence in existing and emerging platforms.

2 IDENTIFYING SOCIAL PRESENCE
THROUGH BEHAVIORS

The authors created new technique for measuring social
connection experienced with a virtual other, the social
presence behavioral coding system (SPBCS) to elucidate and
facilitate the process of describing and quantifying the

frequency of behaviors that indicate social presence. The
design of this social presence behavioral coding system began
with a thorough analysis of the literature and approaches to
measuring social presence behaviors. The SPBCS provides
specific indicators, derived from a literature review of
behavioral indicators of social presence. Each such indicator
was mapped to the factors of social presence. Qualitative
coding is a particularly effective tool for analyzing,
summarizing, distilling, and interpreting complex phenomena
(Saldana, 2021). Social presence is a complex phenomenon,
involving many behavioral indicators, which is why the
researchers have chosen this provisional coding approach. The
coding system was grounded in the literature about exogenous
and endogenous behaviors that identify presence and social
presence. The process was refined through the review of
unstructured data to identify themes and specific codes for
behaviors that indicate social presence.

This coding system is not meant to replace self-report or
physiological metrics; instead, this is meant to provide a more
robust approach to collecting and representing data about user
behavior in regard to social presence. It is the researchers’
intention that an iterative approach to testing this system will
deepen and enrich the meaningfulness of the results, while
providing a structured process that can be adapted to multiple
researchers across contexts and domains.

2.1 Measuring Social Presence
Similar to physical presence, social presence has been measured
through multiple approaches and with varying methodologies
including subjective measures, behavioral measures, and
physiological measures (Meehan et al., 2002; Biocca et al.,
2003; Bailenson et al., 2005; Meehan et al., 2005. In addition
to self-report, interviews, and various physiological measures of
arousal, researchers have explored using pre-defined behavioral
measures that identify a target behavior they measured as a
manifestation of a user’s experience of social presence; for
instance, verbal and nonverbal self-disclosure has been a
metric that researchers assigned as the behavioral metric by
which they identified user’s experience of social presence
(Bailenson et al., 2005; Moustafa and Steed, 2018)). Further,
researchers have explored the relationship between social
presence and nonverbal synchrony, presenting the synchrony
of turn taking behavior as a potential measure of social presence
(Sun et al., 2019).

Throughout the literature, a consensus exists that the
drawbacks of each of the approaches may be offset by
integration or cross-validation with other approaches.
Likewise, while the approach of measuring autonomic
responses and collecting data has been effective in gaining
insight into the physiological experiences that accompany the
senses of presence and social presence (Cui, 2013; Meehan et al.,
2002, 2005; Schlögl et al., 2002.), these criteria are hard to directly
correlate to social presence as they are also used to indicate other
phenomena, such as engagement, attention, and immersion
(Slater et al., 2009). The literature has collectively defined
several factors as either contributing to, constituting,
increasing, detracting, or predicting presence (Gunawardena
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and Zittle, 1997; Witmer and Singer, 1998; Patel et al., 2008;
Thornson et al., 2009; Oh et al., 2018). Table 1 includes those that
have been identified in the literature as having a relationship to
the experience of social presence. Many studies conducted over
the last few decades have identified one or more behavioral
indicators of social presence as their operational definition of
social presence, depending on the context of the study.

2.2 Behavioral Factors of Social Presence
Early researchers outlined two inclusive subdivisions of factors of
presence, exogenous or endogenous; exogenous factors are
created by the generation of the virtual environment, while
endogenous factors are subjective and occur within the user
(Slater and Usoh, 1994; Chow, 2012). This distinction
preceded a shift in research concerning presence that allowed
some research to continue focusing on hardware, fidelity, and
display devices, while others began to focus on the analysis of
experiences in terms of the affect and cognition of the user
(Parsons et al., 2009). Steuer foreshadowed this in the early
writing on presence, “In other words, “presence” refers to the
natural perception of an environment, and “telepresence” refers
to the mediated perception of an environment” (Steuer,
1993, p. 6).

For the study of the specific phenomenon of social presence,
the research is informed by the psychological study of attention in
which endogenous attention refers to top-down or voluntary
attention, whereas exogenous attention is considered bottom-up,
or a reorientation of attention to a different stimulus of an
attended stimulus (Yantis, 1993; Carretié, 2014). This
classification was formerly applied to the construct of presence
by early researchers of presence (Slater et al., 1994; Jin and Park,
2009). This distinction between exogenous and endogenous
factors facilitates visualization of social presence factors
through a structural model in which the elements interact
with one another to build a deeper experience of social
presence. Likewise, the distinction between exogenous and
endogenous factors of social presence serve as a guide for
identifying themes, categories, and codes. Table 2 shows these
factors of social presence, separated in terms of exogenous or
endogenous nature.

2.3 Endogenous Factors
Endogenous factors of social presence refer to goal-driven actions
directed toward the virtual other in an experience. This presents
as the user consciously deciding to engage. Endogenic factors are
characterized by conscious and intentional behaviors (Yantis,
1993; Carretié, 2014). Cognitive involvement, flow, self-
disclosure, separation anxiety/disorientation, willing
suspension of disbelief, and responding to a virtual other as a
social actor constitute the endogenous factors of social presence
that can be coded by an observer. Flow and novelty can be either
top down or bottom up experiences and, as such, are included as
both endogenous and exogenous.

2.3.1 Cognitive Involvement/Flow
Cognitive involvement is said to be an essential component to
presence; similarly, it is critical to social presence (Witmer and
Singer, 1998; Thornson et al., 2009). “Involvement is a
psychological state experienced as a consequence of focusing
one’s energy and attention on a coherent set of stimuli or
meaningfully related activities and events. Involvement depends
on the degree of significance or meaning that the individual
attaches to the stimuli, activities, or events” (Witmer and
Singer, 1998, p. 227). Cognitive involvement and the state of
flow are similar constructs that deal with being absorbed in an
experience; and similarly, both can be either active or passive.

Flow is identified as the experience in which an individual
experiences the merging of action and awareness, loss of self-
consciousness, transformation of time, and enjoyment.

TABLE 1 | Social presence factors and behavioral indicators.

Social presence factor Behavioral indicators

Cognitive Involvement/Flow Not noticing the time is up for session. Trying to solve problems that arise in system, attention to the needs of the virtual other
Emotional engagement (Visible display) Laughing, smiling, nervous sweating, wringing hands, raising voice changes
Self-Disclosure Voluntary disclosure of personal information
Valence Intensity of emotion/Intense Emotion
Suspension of disbelief/Social Realism Reflexive Responses: saying thank you and please, saying goodbye, trying to wrap up the lesson
Social Action/Social Actor Respond to virtual other as if they are a social actor and not an agent
Intimacy/Immediacy Intense emotions expressed by: raising voice, crying, laughing, orienting one’s body toward the other, or other body

language such as leaning towards the virtual other, or use of proximity, touch, and body orientation to indicate closeness
Physical Manipulation Navigating the environment to “approach” other, proximity, avoidance behavior (avoiding collision)
Similarity Reacting in ways that are consistent with similar FTF experience in this context (e.g. for teaching, trying to solve problems)
Meaningfulness of experience/Similarity Constructing narrative of virtual other(s)/caring about them
Novelty Expressing amazement at the technology, trying to break the system or figure out how it works
Interactivity Balanced interplay between participant/other talk ratio
Passive Social interaction Acknowledging the nonverbal behavior of the virtual other, mirroring nonverbal behavior of virtual other

TABLE 2 | Endogenous and exogenous factors of social presence.

Endogenous factors Exogenous factors

Cognitive Involvement/Flow Social Realism
Self -disclosure Similarity
Separation anxiety Meaningfulness of experience
Willing suspension of disbelief Intimacy and Immediacy
Social Action/Social Actor Physical Manipulation
Emotional engagement Active/Passive Social interaction
Novelty
Absence

Novelty
Absence
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(Csikszentmihalyi, 1990). Flow behavior is identified by an
individual’s intrinsic motivation to continue, lack of self-
consciousness, clarity of goals and feedback, and distorted
sense of time (Csikszentmihalyi et al., 2014; Weibel et al.,
2008). While flow is characterized by some of the other factors
of social presence, the experience of flow can manifest itself in
distinct behavioral indicators of social presence. This is related to
engagement as it is “characterized by a feeling of energized focus
and full involvement in the activity” (Thornson et al., 2009, p. 67).
“We define passive cognitive involvement as a cognitive state in
which the person is fully engaged in what s/he is doing,
characterized by a feeling of energized focus and full
involvement in the activity”.

Cognitive involvement and flow often overlap, so, for the
behavioral coding, cognitive involvement/flow is operationalized
by the lack of attention to surrounding distractions, losing track
of time, excitement/joy about the interaction, and expressing a
desire to continue the interaction when a user is told “their time is
up.” Similarly, this state of cognitive involvement is indicated
when a user expresses a desire to maintain the interaction or
future interactions with the virtual other.

2.3.2 Self-Disclosure
While self-disclosure has been identified as an indicator of
intimacy for decades (Taylor and Binder, 1973; Wheeless and
Grotz, 1977), research has also maintained self-disclosure as a
measure of the experience of virtual others. While researchers
frequently maintain human face to face communication as the
“gold standard” of interpersonal communication, some research
suggests that hybrid realism possible in virtual representations
may maintain high fidelity of interaction without lowering self-
disclosure (Bailenson, et al., 2005).

Self-disclosure is operationally defined as an individual
speaker sharing information about himself or herself that the
audience (students) would not already know (Wood, 2009).
Additionally, self-disclosure is a behavior that indicates
intimacy and trust (Zimmer et al., 2010; Kang and Gratch,
2014). For the purposes of behavioral coding, this is coded
when the participant shares personal information that the
virtual other would not otherwise know. Generally, this would
be unsolicited self-disclosure, as solicited self-disclosure would be
compliance.

2.3.3 Separation Anxiety
The experience of disorientation or anxiety when exiting the
virtual environment and returning to the physical world is the
indicator of presenceWitmer and Singer (1998) called Separation
Anxiety/Disorientation. They indicated that the valence of this
separation anxiety/disorientation might correlate with the level of
presence experienced. This translates to social presence in the
endogenous expression of feeling a loss or missing the agents or
avatars present in the virtual space after leaving the space.

In terms of behavioral coding, this would be identified in long
term interactions or in repeated interactions in which the
participant identifies that they “missed” the virtual other or
they seek out or request the virtual other or bring up the
virtual other’s characteristics as an example.

2.3.4 Suspension of Disbelief
Understanding the nature of the experiences of individuals with
physical presence, co-presence, and social presence is predicated
on understanding the intrinsic nature of these phenomena.
Suspension of disbelief, immersive tendency, introversion, and
empathy are internal experiences that relate to this research into
learning within a virtual environment (Thornson et al., 2009).
Originating from perceptions around media such as theater,
suspension of disbelief is the phenomenon in which a
participant in a virtual/synthetic/augmented environment is
able to overlook and even forget the fact that the environment
is not natural, but constructed and contrived, in order to enhance
engagement, presence, and belief of the experience being
provided/created (Boellstorff, 2011; Dede, 2009; Jeffries, 2008;
Kantor, Waddington, and Osgood, 2000; LeRoy Heinrichs,
Youngblood, Harter, and Dev, 2008; Maynes and et al., 1996;
Park, Calvert, Brantingham, and Brantingham, 2008; Serby, 2011;
Steuer, 1993).

The original concept of suspension of disbelief was actually
referred to as willing suspension of disbelief, in which the
implication of a conscious action on the part of the
participant is central (Steuer, 1993; Serby, 2011). This idea,
originating with the poet Samuel Coleridge in the early 1900s,
is being challenged by the technology of the day, in which one
may willingly suspend disbelief but the technology may also have
the power to envelop the user yielding less power than an
individual who chooses to pick up a book (Holland, 2008).

Whether it is active or passive suspension of disbelief, the
suspension of disbelief is a central element to social presence.
There is consistent discussion of suspension of disbelief as a
contributing factor or sub-construct that can be used to describe,
analyze, and measure presence and social presence (Steuer, 1993;
Slater and Wilbur, 1997; Slattery, 2008). These elements of
presence have been identified as creating an experience in
which the technology mediating the experience “fades” or goes
unnoticed or unacknowledged (Mennecke et al., 2011).
Suspension of disbelief can be identified by the user ignoring
the limits of the technology and behaving in ways that are
consistent with believing the experience is real. For instance, if
the virtual other is an agent, the user might treat them as if they
are real. Likewise, if the interaction is a simulation, the use might
engage within the simulation as if the experience were real and
meaningful as opposed to laughing and making jokes.

2.3.5 Social Action/Social Actor
Responding to a virtual agent as if it is a social actor and not just a
computer-generated object is considered a demonstration of
social presence (Lombard, 2011). Slater et al. (1994) describe
the phenomenon of virtual actors responding to subjects as an
indicator of presence (Slater et al., 1994). This aligns with
observations that participant responses to avatars in the study
we present in Section 4may indicate levels of engagement. Their
discussion was driven by Heeter’s (1992) assertion that actors
spontaneously reacting to the subject increases presence (Heeter,
1992). Their discussion of subjective factors further supports
assumptions that an environment in which one’s own body
interacts with a blended physical and virtual environment,
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yields higher levels of presence than one where the user is being
embodied by an avatar.

For behavioral coding, social action and treating the other as a
social agent would be identified when participants respond to
virtual agents as if they have meaningful experiences and feelings.
For example, this can be seen when a user responds with interest
or curiosity or even guidance when a virtual character shares a
narrative. This can also be seen “when an observer treats a
character in a medium as a social actor regardless of whether
that actor can respond or is controlled by a human actor (e.g.,
watching and talking back to a TV anchor)” (Mennecke et al.,
2011, p. 414).

2.3.6 Emotional Engagement
Engagement is another widely used and ambiguous term, with
many denotative meanings, but the connotations of emotional
engagement are essentially consistent. Engagement is
generally seen in industry and in psychology as being
cognitive, or focused and attentive, emotionally involved,
and social, or relating to other people (Cunningham et al.,
2006; Skinner et al., 2009). For the purposes of this research,
engagement refers to the state of an individual being
affectively, behaviorally, and cognitively involved with a
virtual other in an experience. This manifests in attention,
interest, and motivation to continue.

In terms of behavioral coding, this would be coded when a
participant exhibits prolonged gaze/eye contact, body orientation
toward the virtual other, smiling, nodding, and minimal
encouragement while the virtual other is speaking. Each
instance of these behaviors should be coded, for instance if
someone if smiling and nodding, both behaviors should be coded.

2.4 Behavioral Indicators of Exogenous
Factors
Exogenous factors of social presence are those generated by the
experience in which the user has a “bottom-up” experience due to
the interaction with another (Yantis, 1993; Carretié, 2014).
Exogenous behaviors are the automatic behaviors that are
elicited by the interaction or environment (Slater et al., 1994).
The exogenous factors that can be coded through presentation of
specific behaviors are social realism, similarity, attributing
meaningfulness to an experience, exhibiting similar reactions
in face-to-face interactions with another human, intimacy and
immediacy as observed by valence of emotions expressed verbally
or nonverbally, and physical manipulation.

2.4.1 Social Realism
Scholars note that the Ethopoeia phenomena (Nass and Moon,
2000) reveal that situations or social cues may trigger social
action automatically. Similarly, Transformed Social
Interaction (TSI) and the Proteus effect are additional
theoretical frameworks through which researchers explore
the reciprocal relationship between computer-mediated
interaction on social behavior (Bailenson et al., 2005; Yee
and Bailenson, 2007). Not only do these studies
demonstrate the impact of transformed gaze and

transformed proximity, they demonstrate automatic
reactions, based on random distributions generated by
algorithms within systems.

For behavioral coding, social realism is characterized by
automatic social responses or automatic feedback responses
(e.g., replying to a greeting, turn taking, lack of willingness to
walk away from virtual partner when they are talking, or saying
goodbye when leaving). Social realism can also be seen in the
automatic responses that are characteristic of human
interactions, such as turn taking or making eye contact (Ning
Shen and Khalifa, 2008).

2.4.2 Similarity/Homophily
Similarity, or “homophily” refers to expressing sentiment that the
other is similar in terms of attitudes or emotions. Similarity refers
to the perception that the other shares attitudes, behaviors, or
emotions that create a sense of social attraction.

For behavioral coding, this would be coded when a
participant explicitly states their perceived similarity to the
other, particularly when used in a positive tone. This may also
manifest as the participant suggesting friendship or future
interactions with the other. Other behaviors that would
constitute similarity could be cross-coded as social realism
and active passive social interaction.

2.4.3 Meaningfulness of Interaction
Meaningfulness, in relation to virtual objects and
environments, refers to realistic perceptual organization
(Slattery, 2008). “Meaningfulness pertains to user
motivation, task saliency, and previous experience. A more
meaningful situation will increase user presence” (Nam and
Johnson, 2006, p. 22). While meaningfulness of experience was
used in the early discourse about presence, it is appropriate to
apply this factor to social presence. In fact, meaningfulness of
experience was discussed prior to discussions of “social
presence” in virtual experiences. The idea of social presence
could easily be substituted for presence in this early analysis,
“Presence should increase as the situation presented becomes
more meaningful to the person. Meaningfulness is often
related to many other factors, such as motivation to learn
or perform, task saliency, and previous experience” (Witmer
and Singer, 1998, p. 230). This is best illustrated when looking
at meaningfulness as immediacy of control, authenticity of the
responses and consequences of one’s actions (McGreevy, 1992;
Witmer and Singer, 1998).

In terms of behavioral coding, this is identified by self-
disclosure of the experience as meaningful, the participant
speaking about how the interaction has changed them, or
them reflecting on the possibility of future interactions.
Meaningfulness of interaction can also be coded when the
user’s disclosures demonstrate connection between their lives
and the interaction or the virtual other.

2.4.4 Intimacy and Immediacy
Intimacy and immediacy refer to the intensity of emotion
expressed (Biocca et al., 2003) and the nonverbal indicators of
immediacy, such as proximity, touch, and body orientation
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(Mehrabian, 1967). Gunawardena (1995) explains that
immediacy (and non-immediacy) can be conveyed nonverbally
and verbally. Research acknowledges that the intimacy and
immediacy are both a cognitive state and a that is typically
used to describe behaviors (Biocca et al., 2003), but computer
mediated virtual interactions may be measured, controlled or
mediated by the design and affordances of interfaces (Palmer
1995; Biocca et al., 2003). Because of this, intimacy and
immediacy could be considered both endogenous and
exogenous factors, as their manifestations are constrained by
the affordances of the environment.

Intimacy and immediacy are operationalized for the
behavioral coding system when the user expresses intense
emotions by raising his/her voice, crying, laughing, orienting
one’s body toward the other, or other body language such as
leaning towards the virtual during verbally expressions of
intimacy. For example, leaning into the person while engaging
in self-disclosure and mirroring of nonverbal behavior indicate
rapport (Gratch and Lucas, 2021). Likewise, vocalic indicators,
such as voice quality, pitch, rhythm, tempo, resonance, control,
and accent, as well as chronemic indicators such as waiting for the
other person to speak and talk time can be coded as intimacy/
immediacy (Mennecke., et al., 2011). Finally, expressing desire to
touch the other (e.g., I want to hug you right now) also indicate
intimacy and should be coded as such.

2.4.5 Physical Manipulation
The factor of physical manipulation refers to the effort to
physically manipulate objects for another in a virtual space or
to ask another to manipulate physical objects, including oneself.
Physical touch is associated with social presence and trust in both
virtual spaces and the physical world (Chaplain, Phillips, Brown,
Clanton, Stein, 2000; Oh et al., 2018).

For behavioral coding, this is operationalized by physically
engaging with the virtual other. For example, accepting
something that the virtual other hands to the user. Likewise,
the use of proximity to engage with the virtual other is a
manifestation of physical manipulation. Similarly, changing
one’s physical orientation to engage with the virtual other is
another approach to physical manipulation, for example, sitting
down next to a virtual other or walking with them. Finally,
expressing desire to touch the other as a form of manipulating
the interaction (e.g., I wish I could walk up behind them).

2.4.6 Active and Passive Social Interaction
Another key consideration about social presence throughout the
literature is the contrast between active and passive social
presence (Lombard et al., 2009). As Slater noted in reference
to presence, “it is argued that reality is formed through action,
rather than through mental filters” (Slater, 2004). Similarly,
researchers distinguish social presence to include verbal or
physical action, whereas they refer to perceiving the other as
passive social presence (Lombard, 2011). Lombard. (2011) aptly
describe active social presence in terms of how often a social actor
engaging with an environment makes sounds out-loud, such as
laughing or speaking or smiling in response to something that the
other social actor does. Inversely, they describe passive social

presence as observing the nonverbal behaviors of the other social
actor, such as facial expression and tone.

For the social presence behavioral coding system (SPBCS),
active social interaction is operationalized as the apparently
automatic sounds out-loud, such as laughing or speaking or
smiling in response to something that the other social actor
does as well as facial expressions and tone not coded
elsewhere. Likewise, passive social interaction is
operationalized as automatic responses, such as frowning,
grimacing, or rolling one’s eyes at the virtual other, not
recorded elsewhere. This could also extend to mirroring
behaviors in which the participant mirrors the behaviors of
the other (Ning Shen and Khalifa, 2008).

2.4.7 Absence as a Measure of Social Presence
Another effective measure of social presence was derived by
Schultze in which presence is contrasted with “absence” as an
occurrence in which “an individual retreats from the shared
world of the here and now into a private, internal and
imagined world of the mind” (Schultze and Orlikowski, 2010,
p.436). The distinction between presence and absence, drawn by
(Waterworth et al., 2010), refers to the attention or inattention to
internal or external stimulus. Specifically, they identify absence as
“psychological focus on conceptual processing,” whereas, for
them, presence is the psychological focus on direct perceptual
processing (pg1).

For the purposes of this coding system, absence is indeed the
inverse of presence, as when one becomes more present in the
virtual world the loss is to presence in the physical world (absence
from the physical world), and vice versa. For behavioral coding,
absence would be identified by not noticing stimuli in the physical
environment, due to engagement with the virtual other. Since the
construct of absence is operationally defined as absence from the
physical world, the coding is specifically about indicators that the
user is absent from the physical world and inversely present in the
“other” world. The measure of absence is the exogenic factor that
relates to the endogenic factor of flow and is behaviorally
indistinguishable from flow.

2.4.8 Novelty
It is difficult to extricate the impact of the novelty of
experiencing virtual environments from the variables of
motivation and engagement. This is particularly true of the
subjective perspective of users who may experience fun but not
be able to identify or pinpoint the stimulus that generates the
effect of pleasure (Taylor and Binder, 1973; Slater et al., 2006;
Gibson et al., 2012). “Technological novelty is the quality of
perceiving digital platforms as unfamiliar, interesting, and
unlike those presently used or understood” (Tokunaga, 2013,
p. 3). The effect of novelty experienced can be positive or
negative on learning, transfer or sense of engagement (Taylor
and Binder, 1973; Jacko and Sears, 2008; Tokunaga, 2013). Four
dimensions of novelty relevant to virtual interactions are thrill,
change from routine, boredom alleviation, and surprise. This
must be taken into consideration when evaluating both the user
experience and the effectiveness of a virtual environment or
experience.
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For behavioral coding, novelty is operationalized by the
individual explicitly makes statements of awe or wonder
during the interaction (e.g. “Wow, this is so cool”). Similarly,
expressions of curiosity about the system and surprise about the
technology are coded as novelty.

2.4.9 Interactivity
Researchers have asserted the reciprocal nature of the
relationship between interactivity and social presence
(Gunawardena, 1995; Tu and McIsaac, 2002; Mykota, 2018).
Heeter (1992) described interaction in a shared space with
shared objects as interactivity. Tu and McIsaac (2002) discuss
interactivity in terms of synchronous and asynchronous behavior,
but this coding system is focusing on synchronous
communication. In some instances, an individual may be
eliciting interaction with the virtual other, while in other’s
they may be automatically responding to the virtual other.
Because of this reciprocal relationship, interactivity can be
either endogenous or exogenous. For the social presence
behavioral coding system, interactivity refers to interplay
between the user and the virtual other.

For the purposes of behavioral coding, interactivity indicators
should be coded when the participant responds to the virtual
other in a synchronous exchange in a way that is not coded in one
of the other constructs. For this reason, this construct of
interactivity should be coded to indicate interplay between
interactants, such as the number of times the speaker changes
(e.g., participant changing from speaker to listener every 15 s or
every 3 min) (Dawson and Lignugaris/Kraft, 2017; Hayes, 2015;
Li et al., 2021; Miller et al., 2021). Ideally, long term work can be
done to accurately capture interplay between conversant that can
be represented as a ratio of talk time and the number of times the
speaker switched in an interaction.

3 METHODS

A new technique for measuring social connection that a person is
experiencing with a virtual other, the social presence behavioral
coding system (SPBCS) was applied to users of a mixed reality
classroom. The social presence factors in the literature was used to
collect frequency counts of the behaviors listed that indicate each
factor represented. Each of these factors of social presence was
from the literature reported in Section 2. The coder was instructed
to place a mark in the box for each occurrence of the noted
behavior during the time frame. In this case, the time frame was
8 min. There was a box available for notes to be taken for future
consideration, including duration and intensity of the behavior.

3.1 Participants
The participants for this study were 22 active college instructors
(10 women and 12 men) of undergraduate and graduate students
at a large Southeastern university. Participants elected to
complete a professional development activity to improve their
teaching. These participants were screened to include only
individuals who had not been exposed to the testbed, so as to
eliminate familiarity with the technology as a possible confound.

3.2 Materials
3.2.1 TeachLivE Mixed Reality Classroom Simulator
Test Bed
The pilot test for the social presence behavioral coding system
(SPBCS) was conducted in the test-bed of TeachLivE, a Mixed
Reality classroom simulator in which participants interact with a
classroom of five virtual students displayed on a large screen, as
shown in Figure 1. The virtual students in the TeachLivE
environment are controlled by one human actor in the loop
who is trained to simulate student behavior with higher levels of
behavioral fidelity than artificial intelligence is currently capable.
The user interfaced with the virtual students by delivering their
lesson to the virtual kids presented on a large monitor through
video conference tool. The interaction was recorded and archived
in the after-action review system for review.

3.2.2 Social Presence Questionnaire as
Instrumentation
The social presence instrument included in this research is the
Bailenson Social Presence Instrument from a 2006 study on
embodied agents designed to measure social presence. The
concise nature of the instrument works well to minimize
participant fatigue. Also, the items have been used in the past
for a similar research approach of comparing the data from more
than one method (Bailenson et al., 2005). The questions on this
instrument are delivered with a Likert scale (Appendix C).

3.2.3 Validated Social Presence Self-Report Measure
as Instrumentation
The social presence instrument included in this research is the
Bailenson Social Presence Instrument from a 2006 study on
embodied agents designed to measure social presence. The

FIGURE 1 | The teacher practices teaching human in the loop virtual
students in the mixed reality classroom simulation training system. Teacher is
observed by virtual students through a web camera and voice over internet
protocol software.

Frontiers in Virtual Reality | www.frontiersin.org June 2022 | Volume 3 | Article 7734487

Hayes et al. Social Presence Behavioral Coding System

https://www.frontiersin.org/journals/virtual-reality
www.frontiersin.org
https://www.frontiersin.org/journals/virtual-reality#articles


concise nature of the instrument works well to minimize
participant fatigue. Also, the items have been used in the past
for a similar research approach of comparing the data from more
than one method (Bailenson et al., 2004). The questions on this
instrument are delivered with a Likert scale (Appendix C).

3.2.4 Social Presence Behavioral Coding System
(SPBCS) as Instrumentation
This tool and training for this tool guided the rating of user
behavior by two raters. Coders using the instrument were
trained, using the coding sheet and review of videos, to gain a
shared understanding of potential manifestations of each of the
themes and coded. To save space, the coding system shown in
Table 3 has eliminated the columns for tally marks and comments
that are on the actual coding system.

3.2.5 After Action Review Coding System
Each session was recorded using the After-Action Review (AAR)
Coding system that was created to allow users a period of directed

reflection that follows the training experience in the simulation.
The AAR sessions record the interaction by recording the view of
the simulation and the user. While the system is frequently used to
reinforce desired behaviors and extinguish undesired behaviors,
this pilot did not review the video with the participants. The videos
were used for coding behaviors that indicate social presence.

3.3 Design
The dependent variables in this study are Presence and Subjective
Social Presence and Observed Social Presence. Presence was
measured by the modified presence questionnaire; self-
reported social presence was measured with the social
presence instrument and qualitative responses about the
experience. Finally, behavioral social presence was measured
by the behavioral social presence score from the social
presence behavioral coding system (SPBCS). Consistent with
the literature, the objective measure added to the study is
physiological data, by way of participant heart rate (Meehan
et al., 2002; Meehan et al., 2005).

TABLE 3 | Behavioral coding system for social presence.

Factors Behavior Description (Duration/Intensity)

Cognitive Involvement/Flow Not noticing the time is up for session. Trying to solve problems that arise in system,
attention

Emotional engagement (Visible display) Laughing, smiling, nervous, sweating, wringing hands, raising voice
Self-Disclosure Voluntary Disclosure of information other wouldn’t know (not solicited)
Intimacy/Immediacy Intense emotions expressed by: raising voice, crying, laughing, orienting one’s body

toward the other, or other body language such as leaning towards the virtual other, or use
of proximity, touch, and body orientation to indicate closeness

Valence Intense display of emotion (e.g. raising voice, prolonged laughing)
Suspension of disbelief/Social Realism Reflexive Responses: saying thank you, please, goodbye, trying to wrap up the lesson
Social Action
/Social Actor

Respond to virtual student as if they are a social actor in the world and not an agent

Physical Manipulation Reacted in ways that explicitly demonstrate a sense of similarity with the other
Similarity/Homophily Reacted in ways that are consistent with human kids (e.g. Try to solve problems, respond

to questions)
Meaningfulness of experience/Similarity Constructing narrative of the virtual other/statements or questions that indicate caring

about them
Novelty Expressing amazement at the technology
Interactivity Balanced interplay between teacher talk: student talk ratio
Active/Passive Social interaction Acknowledging nonverbal behavior of the students (e.g. posture, gaze, fidgeting) or

mirroring nonverbal behavior of virtual other

TABLE 4 | Revised social presence behavioral coding system (SPBCS).

Factors Behavior Frequency Description (Duration/Intensity)

Cognitive Involvement/Flow Not noticing the time is up for session. Trying to solve problems that arise in system, attention
Emotional engagement (Visible display) Laughing, smiling, nervous, sweating, wringing hands, raising voice
Self-Disclosure Voluntary Disclosure of information other wouldn’t know (not solicited)
Intimacy/Immediacy Intense emotions expressed by: raising voice, crying, laughing, orienting one’s body toward the other, or

other body language such as leaning towards the virtual other, or use of proximity, touch, and body
orientation to indicate closeness

Suspension of disbelief/Social Realism Reflexive Responses: saying thank you, please, goodbye, trying to wrap up the lesson
Physical Manipulation Navigating the environment to “approach” kids/ask kids to perform physical task
Similarity/homophily Reacted in ways that explicitly demonstrate a sense of similarity with the other
Meaningfulness of experience/Similarity Constructing narrative of the virtual other/statements or questions that indicate caring about them
Interactivity Balanced interplay between teacher talk: student talk ratio
Active/Passive Social interaction Acknowledging nonverbal behavior of the students (e.g. posture, gaze, fidgeting) or mirroring nonverbal

behavior of virtual other
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3.4 Procedure
Participants were asked to engage with the students for 8 minutes,
while being observed by the researcher and human in loop
controlling the virtual students through the video over internet
protocol software. The participants delivered their lessons while
interacting with the virtual students on the 72” HD monitor, and
while being observed by the researcher and recorded by the After-
Action Review coding system. These videos were later reviewed
for the researchers to code the participant behaviors. During the
interaction, participants (faculty at a southeastern university)
were told that they were part of a career day and to talk to
the kids briefly about the importance of higher education. They
were encouraged to participate in this experience, getting
exposure to a virtual classroom and to report their
perspectives. Participants were told, “keep in mind that the
virtual students are able to see and hear you, but not to
physically interact with you, as they are represented by avatars
on a large screen but are not physically in the room.” While the
virtual students are all controlled by one human in the loop
interactor that works to make the students display realistic
behaviors of middle school students, the participants were not
told if the students were agents or avatars.

3.4.1 Coding Behaviors Using the Social Presence
Behavioral Coding System
The researchers compiled each of the empirical measures for
social presence identified in the literature into a coding system for
use while observing an interaction. The coding system instructs
observers to record the frequency of the targeted behaviors as
shown in Table 3: Cognitive Involvement/Flow, Emotional
Engagement, (laughing, sweating, raising voice, raising hands),
Self-Disclosure, Valence Emotion (intensity) Suspension of
Disbelief Social Realism, Social Action (response to agent as if
they are a social actor), Physical Manipulation, Similarity,
Meaningfulness of Experience/Similarity to Real World
(manifested by constructing a narrative for the student and
caring about them), and Novelty (expressing amazement at the
technology).

In this pilot study, two raters reviewed the video and coded
each of the social presence factors exhibited by the participant
(the teacher) in the virtual rehearsal. When the raters did not
agree, they discussed the discrepancy until they agreed upon an
answer.

3.4.2 Interpreting the Social Presence Coding System
While there were no disagreements as to whether a behavior
constituted a behavioral marker of social presence, there were
some discussions as to where to code a behavior. For instance,
when a participant enthusiastically told the virtual students about
their experience in college while laughing and smiling, one coder
considered that suspension of disbelief, social realism, valance,
and intimacy; while the other coder only noticed it as disclosure.
This happened most frequently when deciding whether to code a
behavior in the category of social actor or active social interaction
or similarity. The coders had between four to seven discussions
on how to code behaviors like these per participant. The approach
taken in this study was to code user behaviors in as many social

presence behavioral factors as they fit, which did mean that some
behaviors were coded in multiple categories. Future iterations of
this research will follow a more traditional approach to interrater
coding to allow for double blind evaluation of interrater
reliability. Likewise, future uses of this coding system will
integrate some of the factors.

No new codes or coding categories emerged, instead; the coding
process led the researchers to combine some categories of factors
into a single category. For the coding process, the construct of
emotional engagement needed to be clarified with greater
specificity, as there was a great deal of overlap with the rather
broad construct with other, more specifically defined constructs
(e.g., active social interaction, valance, and intimacy). We decided
to code actions that could be either social engagement or more
specifically defined constructs as the other construct, due to the
very broad nature of social engagement, and only to code social
engagement if the behavior did not fit into another, more specific
category. Similarly, the construct, suspension of disbelief has a
great deal of overlap with social realism and social action/social
actor. Because of the overlap, the other variables were collapsed
into the broader construct of suspension of disbelief. This also
facilitated the coding process.

3.4.3 Coding Examples
While it is important to remember the importance of utterances in
the coding process, the authors have included some examples of
how different physical movements should be coded, according to
this first iteration of the SPBCS. Individual utterancesmay enhance
or detract from the detection of social presence behaviors, which is
to be explored in greater depth in a training video. Figure 2
demonstrates examples of some of the physical behaviors that align
with the coding standards. For Figure 2A., a coder should code
based solely on participant utterances, as they are facing away from
their conversant(s), therefore the coder can only code what the
speaker says and perhaps what they write on the board. For
Figure 2B., a coder should code emotional engagement (the
teacher is smiling) and immediacy (the gaze toward the
conversant), in addition to participant’s utterances. A coder
should code Figure 2C with codes of emotional engagement
(smiling and hand gestures). For Figure 2D., a coder should
code the laughter as emotional engagement and the
participant’s action of throwing back her head can be used as
an indicator of the intensity/valence of the behavior. In Figure 2E.,
the participant is pointing to a student to call on them. This would
be coded as active social interaction (pointing at the student) and
passive social interaction (gaze directed toward student). The coder
should code Figure 2F with codes of similarity and physical
manipulation, due to the teacher’s use of proximity to the
student and approaching the student. Figure 2G should be
coded with codes of Suspension of disbelief/Social Realism to
reflect the teacher’s waving goodbye to the students.

4 RESULTS

The researchers began with qualitative coding using the SPBCS
grounded in the literature and social presence and moved to
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analysis of unstructured data to identify the themes. During the
user study, we collected both qualitative subjective data and
quantitative data to test and validate the Behavioral Coding
System. The results are presented in the following section.
Data for one participant was not included in this analysis, due
to corruption of the video capture. Data for another two
participants was not included, due to problems with the heart
rate tracking.

4.1 Data Analysis
Each 8-min classroom simulation took approximately 1 hour to
review, code, discuss and finalize the analysis. In order to come to
agreements about the frequency of behaviors, the coders assigned
each construct a ranking of Very High, High,Moderate, Low, or null
rather than counting each instance of the behaviors aligned with
each factor of social presence. This approach aligned the ordinal data
from the Likert scale social presence questionnaire data.

4.1.1 Collapsing Coding Categories
The researchers removed valance and indications of absence or
presence as behavioral indicators of social presence for this study,
as there was a great deal of disagreement between raters on when to
tag a behavior as presence or absence. Specifically, Presence/
Absence was removed because the mixed reality nature of the
test bed relies on cues in the virtual content that lead individuals to
interact with the real and vice versa, so that can lead to an incorrect
coding of absence. Finally, the researchers removed th,e ratings of
novelty, as novelty of the technology could serve to distract from
the user’s actual sense of connection with the virtual others.

The remaining factors included: Cognitive Involvement/Flow,
Emotional Engagement, Self-Disclosure, Intimacy/Immediacy,
Suspension of Disbelief/Social Realism, Physical Manipulation,
Similarity, Meaningfulness of Experience, Interactivity, Active
and Passive Social Interaction were all included.

4.2 Data Analysis
When we classify the comprehensive Behavioral Coding System
Frequencies and the Bailenson Social Presence instrument

responses as Low, Very Low, Moderate, High, or Very High; all
of which was in the 8-min session. Nine of the 19 participants
ranked the same in the coding system as they did in the self-report,
only one participant showed two levels of difference between the
self-report and the Behavioral Coding System, as shown in
Figure 4. This participant self-report indicated a moderate level
of social presence, while the participant’s behaviors demonstrated
high social presence. Upon review of the qualitative interview
responses, the participant’s reflection also suggested high levels of
social presence, including remembering the names of the virtual
students, expressions of amazement with the technology, and the
statement, “I didn’t even consider that they are virtual kids (laughs)
I play too many video games”. Similarly, when comparing the
discrepancies between the Behavioral Coding System and Social
presence Questionnaire with the participant’s interview reflections,
the behavioral coding system ranking was more closely aligned
with the reflections. Likewise, this participant was aware of the
human-in the loop design of the system, which may have
influenced the responses to the social presence questionnaire.

Initial analysis comparing the Social Presence Scores and the
totals of the Social Presence Behavioral Coding System, using an
ANOVA test, did not show any relationship between the self-
report and our coding system. This led us to rethink our analysis
of the data and look at the Behavioral Coding System as Ordinal
Data. For this analysis, we included Cognitive Involvement/Flow,
Emotional Engagement, Self-Disclosure, Intimacy/Immediacy,
Suspension of Disbelief/Social Realism, Physical Manipulation,
Similarity, and Meaningfulness of Experience. Interactivity
proved to be another problematic construct for the strict
coding, so we removed it from our analysis as well.

The scores for the Social Presence Instrument and the
Behavioral Coding System rankings were analyzed using
Kendall’s Tau (Puka, 2011), which measures the strength of
relationships between ordinal variables. Based on the results of
the study, those with higher self-report of experiencing social
presence were also more likely to demonstrate higher frequencies
of behavioral indicators of social presence, the Kendall’s Tau Phi
coefficient rt = 0.44, p <0 .05. Similarly, when a multiple

FIGURE 2 | Sample behaviors to guide SPBCS coding include (A) facing away from the interactant, (B) smiling, gaze, (C) gestures, (D) laughing, (E) calling on
students, (F) using proximity, (G) and waving hello or goodbye. Coding behaviors and gestures should accompany coding of the participants utterances, as they
frequently inform interpretation.
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regression analysis was used to test if the Behavioral Coding
System could be used to predict the subjective report of the
presence, the results of the regression indicated that the
Behavioral Coding System significantly predicted Social
Presence Composite scores (R2 = 0.74, F (1,17) = 47.16, p <0
.01), as shown in Figures 3, 4.

5 DISCUSSION

The social presence behavioral coding system (SPBCS) described
in this article is the first step in refining a deductive approach to
analyzing, codifying, summarizing, and interpreting human
behaviors that indicate social presence within certain contexts.

FIGURE 3 | Social Presence Coding vs Self-Report Scores demonstrate the trend of social presence coding scores largely correlating with the self report scores of
social presence. This ordinal ranking.

FIGURE 4 | Bar Graph of Levels of Social Presence as Measured by Participant SPQ vs. SPBCS.
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Qualitative coding systems are, by nature, subject to continuous
evolution, as researchers refine their understanding of
phenomena and contexts and subjects are also in regular flux
(Weston et al., 2001; Saldana, 2021). The initial codes that were
established and refined in this study can inform the refinement of
endogenic and exogenic indicators of social presence. The most
promising outcome of this process has been the refinement of the
codes through the collapsing of codes that overlapped. The
original coding system, which included 13 codes, was refined
to ten codes. This also led to a more specific and granular
understanding of each code, that could only be done through trial.

5.1 Summary and Interpretation of the
Results
The work to create a social presence behavioral coding system
(SPBCS) tested in this pilot validation project provides critical
information on how to simplify the behavioral coding system.
Utilizing this coding system revealed some redundant variables
and others that lacked clarity. Not only does this demonstrate a
need to reduce the categories on the coding system, this also
demonstrated a need for clear training for the researcher before
using the social presence behavioral coding system.

The fact that the initial approach to analysis that included the
numeric values of the behaviors that indicate social presence, is
rather informative. Looking at these values as ordinal, categorical
data aligns best with the approach of classification of behaviors.
Rather than looking at a specific number of (e.g. made eye contact
four times or seven times) we are looking at ordered categories
(e.g. made eye contact rarely or frequently).

We maintained interactivity in the coding system, as it is an
important measure of social presence, but did not include it in the
data analysis, as this was high for all interactions, by the nature of
the simulation. This construct would be measured best as the
number of exchanges in the speaker and listener in an interaction
or the percentage of time there was interactivity in an interaction.
Also, this would include the percentage of time each participant
(human, agent, or avatar) speaks.

The fact that the regression and Kendall’s’ Tau demonstrated
that the Social Presence Coding system could predict the
subjective self-report of social presence also provides support
for the application of this tool. However, the tool does provide
information that is not available in the self-report. Likewise, when
the self-report and the SPBCS don’t align, it may be used as an
indicator that more analysis of the interaction is needed.

6 CONCLUSION AND FUTURE
DIRECTIONS

The Social Presence Behavior Coding System discussed in this
article is the first iteration of a system grounded in literature that
addresses the need for a more standardized way to objectively
measure social presence. The process of testing this system,
detailed in this discourse, has led to a more streamlined
version of the coding system that collapses some codes found
to be redundant in their description of individual human

behaviors that indicate social presence (e.g. flow and absence).
Likewise, as human behavior changes with context, the coding
system can be adapted to accurately predict social presence within
specific contexts.

6.1 Study Limitations and Future Research
Additional work will be done to continue to refine and validate
the SPBCS. This will include a Delphi study plus additional
iterations with more in-depth training for coders and
measurement of interrater reliability. The current study relied
on the agreement of coders at the time of coding, and the lack of a
measure of interrater reliability is a significant limitation to the
generalizability of the social presence behavioral coding system.
This study revealed the importance of a standardized training
system to accompany the coding system. This training will be
critical and future iterations will test the system with various
levels of training among coders to determine the amount of
training needed to standardize this approach.

The process of coding of user’s social presence behaviors on
the social presence behavioral coding system took more time and
analysis than originally expected. While the a priori codes and
categories based in the literature were clear, overlap between
codes emerged when they were applied to actually coding
participant behavior. Changes that were identified during this
pilot validation process ranged from oversights, such as
duplicates, to classification problems in which an activity
classified as more than one construct.

Because the researchers discussed the coding system and came
to an agreement before the final coding, there was no opportunity
to evaluate interrater reliability. Interrater reliability will be
critical to validate this coding system. While that was helpful
in this first cycle of coding, testing interrater reliability of the
codes is the next step. The raters should have rated separately and
interrater reliability should have been calculated. The next
iteration of this study will be conducted with this approach.

Future applications of the SPBCS should also be mindful in the
inclusion of codes, as they are appropriate to the research context,
some of the codes are specific to the context of the specific virtual
classroom experience that was used for this research. For
instance, Physical Manipulation in this instrument is
dependent on the affordances of the virtual experience.
TeachLivE afforded movement, so this would be measured
more easily than it would be in an environment in which
physical manipulation is not an option. This would not occur
as frequently in environments that do not afford movement.
What this means is that accurate choice of the changes in
affordance has the potential to change the score. The
researchers would also suggest establishing a baseline of
expected or target behaviors for each study or context. For
example, the expectations for a peer to peer interaction could
be measured by the SPBCS, but the baseline expectation would
differ greatly from the baseline of a teacher to classroom
interaction.

Future applications of this preliminary SPBCS will implement
a training job aid to be reviewed by the research team before using
the social presence behavioral coding sheet. This will address
some of the ambiguity with the coding system. Future uses will
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integrate training that includes a plan to avoid classification
problems in which an activity classified as more than one
construct. Future training should also include the distinction
of whether the team intends to code certain events as one or
multiple factors. To standardize this training process, the research
team will use videos of interactions from multiple contexts and
code them as the training set for other researchers who want to
use the instrument. All videos will be coded independently by
coders from the same cultural background, the partner’s cultural
background, and a third, unrelated cultural background.

The next steps in the iteration on the social presence
behavioral coding system will be a Delphi Study. After the
necessary changes, revealed by this pilot have been addressed,
the researchers will retain a panel of experts to dive into the
strengths and limitations of the social presence behavioral coding
system (SPBCS) to arrive at a consensus over the representation
of the factors of social presence on the coding system. The most
up to date version of the SPBCS can be seen in Table 4.

Future studies to build and validate the Behavioral Coding
System should include an additional physiological metric, in
order to add clarity to the ambiguity in the interpretation of
heart rate data. Heart rate data, while correlated with experience
of presence, can also indicate many other phenomena in the user
(e.g., stress to movement). For example, spikes in heart rate when
students asked about the participant could indicate that the user
experienced social presence or engagement, but it could also
reflect stress related to the user’s personality type (introversion vs.
extroversion).

Upon completion of the Delphi study and validation study, the
next steps for this research will be to automate the capture of
behaviors that indicate social presence. Face tracking, body
tracking, and natural language processing can be used to
automate and refine the process described for the Social
Presence Behavioral Coding System.

Social presence is a complex human experience. Not only can
this SPBCS contribute to the measurement of the degree of social
presence that an individual experiences, it can also provide a
deeper description of how an individual is experiencing social
presence. While the researchers intend to continue to iterate on
the Social Presence Behavioral Coding System, this work is a
starting point for this team and other researchers to begin
streamlined approaches to objectively measure and describe

users’ behaviors that indicate social presence. Not only will
this improve the meaningfulness of research outcomes, it can
guide future design. This work can also lead to a more unified
theory of what to look for when measuring human connection in
physical, hybrid, or virtual spaces. The work is also useful as we
move to build agents and avatars to address human needs for
learning, training, socialization, and interaction. The work that
comes from the applications of this social presence behavioral
coding system (SPBCS) can inform the development, iteration,
and evaluation of agents and systems.
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