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Abstract. Progressive embodiment and the subsequent enhancement of pres-
ence have been important goals of VR researchers and designers for some time 
(Biocca, 1997). Consequently, researchers frequently explore the relationship 
between increasing embodiment and presence yet rarely emphasize the ties be-
tween their work and other work on embodiment. More specifically, we argue 
that experiments manipulating or implementing visual scale, avatar customiza-
tion, sensory enrichment, and haptic feedback, to name a few examples, all 
have embodiment as their independent variable. However, very few studies ex-
plicitly frame their work as an exploration of embodiment. In this paper we  
will leverage the field of Embodied Cognition to help clarify the concept of 
embodiment. 
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1 Introduction 

Increasing presence is one the primary goals of virtual reality (VR) researchers and 
developers, whether it is intended to improve the entertainment value of the expe-
rience or ability to affect change in the user’s real world behavior. A significant por-
tion of the research and development into improving presence is centered on sensory 
stimulation, avatar mobility, and avatar representativeness. In the past researchers 
argued that these affordances all fall under embodiment (Biocca, 1997), but are in 
practice are rarely treated as related ideas. Despite there being a seemingly visible 
relationship between these research areas as well as a tentative label, very little effort 
has been put into clearly defining the concept linking these loosely tied areas together. 

In order to resolve this problem we put forth the concept of afforded embodiment, 
or the degree to which the avatar provides equal or greater functionality than the us-
er’s natural body. We draw on recent developments in the area of embodied cognition 
to support an argument that VR researchers need to pay much closer attention to the 
relationship between avatar functionality and the activities within the virtual envi-
ronment. The foundation of this argument is based on the basic premise of embodied 
cognition, which is that the body plays a constituent, not causal role in cognition 
(Shapiro, 2011). From this perspective, avatars with limited functionality limit their 
user’s ability to mentally explore the virtual environment. We argue that a clearer 
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understanding of the role of the body in cognition will allow researchers and design-
ers to better prioritize design considerations for avatar functionality based on the ac-
tivities or goals of the VR experience.  

2 Background and Literature Review 

2.1 Embodied Cognition 

Embodied cognition (EC) is a research program that re-focuses cognitive science re-
search to include the body as a critical component of cognition (Shaprio, 2007). EC as-
sumes that our reality is shaped by the interactions of our mind, body, and environment. 
This contrasts with those who would argue that reality is shaped by our mind and the 
mind manipulates the body through abstract symbols (Shapiro, 2007). While EC is not a 
predictive theory, it gives virtual reality (VR) researchers an opportunity to revisit and 
clarify a neglected concept within our field as well as its relationship to presence.  

There are two types of experimental evidence for embodied cognition - behavioral 
and neurological. We present the neurological evidence first and interpret the findings 
based on the assumption that objects and movements that activate the same neuronal 
systems are “linked” by the brain. For example, when examining neurons responsible 
for manipulating objects, objects of similar size and shape will activate the same set 
of neurons for a specific set of hand motions even when the subject is not actually 
manipulating the object, while objects of different shapes and sizes will activate a 
different set of neurons, even when the actual movements to manipulate the object are 
the same. In a subsequent study, a set of inferior premotor neurons were found to be 
responsible for executing a limited set of distal arm movements. However, that same 
set of neurons will activate if an observance within the environment is related to the 
physical process overseen by the neural network, even if there is no motor activity 
present (Gazzola & Keysers, 2009; Pellegrino et al, 1992). The cognitive representa-
tion of the object is intrinsically tied to the way the subject uses its body to manipu-
late the object. They are not two separate symbols pieced together by the mind for 
action, but are bound together in the same schemata (Rizzolatti et al., 1988). 

The behavioral examples are more straightforward and demonstrate a clear link be-
tween either sensory perception and cognitive perception or motor action and cogni-
tive perception. For example, researchers found that by priming individuals with a 
warm or cold beverage they could influence whether or not the subject perceived 
those they just met as having a warm or cold personality, respectively (Williams & 
Bargh, 2008). In an unrelated study, researchers found that sitting upright influences 
the extent to which subjects felt pride in an achievement. A second study found that 
contraction of the forehead muscles influenced subjects’ perceptions of how hard they 
worked on a task (Stepper & Strack, 1993).   

There is also a demonstrated link between body movements and improved problem 
solving performance. Subjects who used appropriate body motions during a physics 
problem solving session performed significantly better than subjects who used inap-
propriate body motions (Thomas & Lleras, 2009). In another study, researchers found 
that preventing the facial expression aligned to the sentiment of a sentence signifi-
cantly impacted the subjects’ reading performance (Havas et al., 2010). 
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The previous examples reveal the extent to which the body, mind, cognitive, and 
emotional states are all intertwined. We create mental schemata of environmental 
objects via the way in which we manipulate them (Pellegrino et al., 1992; Rizzolatti  
et al., 1988) and encode our own bodily movements and perceive others’ movements 
using the same set of neurons (Gazzola & Keysers, 2009). Behaviorally, our body 
positioning and use impacts our social observations (Williams & Bargh, 2008), feed-
back acceptance and task performance recall (Stepper & Strack, 1993), and improves 
performance on cognitive tasks (Havas et al., 2010; Thomas & Lleras, 2009). Conse-
quently, it is critically important for VR designers and researchers to acknowledge the 
many subtle, yet fundamental, ways in which our body influences our perceptions, 
actions, and emotions.  

2.2 Embodiment 

Embodiment is a concept used in many different research areas and thus has many 
different, yet related meanings. In this section we will briefly discuss the different 
meanings and uses of embodiment, identify which of the variations we chose to adopt 
for this research, how we operationalize the concept, and our justifications for doing 
so. 

Damasio (1994) and other embodied cognition theorists argue that the body serves 
as the central framework for our interactions with the world. We perceive the physical 
world in relation to our body, and therefore what we know about the world is “con-
structed from patterns of energy detected by the body” (Biocca, 1997). The body is 
also a communication device and is a critical tool for expressing mental states  
(Benthall & Polhemus, 1975). The implications of this theory for VRE researchers 
and designers is that in order for the user to incorporate the VE into his/her reality, the 
system must provide affordances for users so that they may become embodied, or take 
some form or shape within the VRE. 

Ziemcke (2003) identified six different uses of the term embodiment across mul-
tiple streams of research. Of the six notions of embodiment addressed by Ziemcke, 
structural coupling, historical coupling, and social embodiment are the most relevant.  

Structural coupling is the notion that organisms are embodied in their environment 
if actions by one affect the other. Quick and colleagues (Quick, 1999 as cited in 
Ziemke, 2003) articulate this idea clearly, saying that “A system X is embodied in an 
environment E if perturbatory channels exist between the two.” More concretely, we 
can say a user is embodied in a virtual reality environment (VRE) if changes in the 
VRE affect the user, and the user can affect the VRE. Historical structural coupling is 
an extension of the idea of structural coupling in that it argues embodiment increases 
through a series of interactions between the system and the environment.  

Ziemcke (2003) viewed social presence as orthogonal to the other definitions of 
presence because it addresses the role of embodiment in social situations, versus what 
kind of body is required for different situations. Barsalou et al. (2003) describe social 
embodiment as “states of the body, such as postures, arm movements, and facial ex-
pressions, [which] arise during social interaction and play central roles in social in-
formation processing (Ziemke, 2003).” Mennecke and colleagues (2010) formally 
incorporate this idea into their Embodied Social Presence Theory, arguing that the 
body is the nexus of communication and that embodied representations combined 
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with goal-directed shared activities affects the perceptions of users by drawing them 
into higher levels of cognitive engagement. 

In contrast to Ziemke’s 6 different uses of embodiment, Lakoff and Johnson (1999) 
identify 3 distinct levels of embodiment - neural, cognitive unconscious, and pheno-
menological conscious experience. 

 Biocca’s (1997) work on embodiment in VRE draws on Damasio’s (1994) ideas 
of how the human brain constructs reality through interactions of the body with the 
environment, and fits within the notions of structural coupling identified by Ziemcke 
(2003).  

While Biocca provides no formal definition of embodiment, it is clear that he 
views progressive embodiment as providing increasingly “natural” functionality to 
avatars. Natural functionality includes sensory perception in the form of high fidelity 
audio or visual stimulation, haptic feedback, natural motion control etc. It is also im-
portant to note that our bodies fill an important role in social interaction and self-
identification, and therefore must provide increasing affordances for how we expect 
to use our bodies in those situations as well. 

Embodiment is expected to have a direct impact on various forms of presence  
(Biocca, 1997). With increasing embodiment we expect increasing levels of psycho-
physiological responses to VE. The brain’s relationship to the body is highly mallea-
ble; therefore it is possible to convince the brain that it will suffer the consequences of 
actions within the VE. Biocca (1997) addresses this idea in his three-way relation-
ships between our brain’s mental models of our physical, virtual, and phenomenal 
selves. A second, longer-term implication of increasing embodiment – it may have a 
permanent effect on our body schema. We may have difficulty controlling what 
crosses over from virtual reality to natural reality. 

Once again, it is important to note that the avatar plays a critical role in the social 
aspects of VE. For example, Yee and Bailenson (2007) found that users who were 
given taller avatars were more likely to negotiate from a position of power in online 
trading tasks, while those given shorter avatars were more likely to accept asymme-
trical trades. Taylor (2010) provides a more descriptive account of the various ways in 
which users construct their identity through avatar customization, as well as the de-
gree to which most users expect exclusive use of that identity. He also describes the 
process of how the user identifies with the avatar, and how that identification shapes 
his/her perception of self. This is a known phenomenon and has been exploited to 
encourage changes in real-world behavior (Dean et al., 2009). 

2.3 Neural Embodiment 

The purpose of increasing embodiment is to improve the user’s sense of presence. 
Presence is primarily measured through a subjective post hoc questionnaire, although 
more recent research includes physiological measurements (Guger et al., 2004;  
Wiederhold et al., 2002). Further advances in psycho-physiological sensors allow us 
to start looking at the physiological and neurological correlates of embodiment and 
presence.  

Within cognitive neuroscience, embodiment defined as feeling situated in one’s 
own body (Arzy et al., 2006). This is usually researched by exploring the opposite 
condition, which is the out-of-body experience, or disembodiment. The most direct 
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translation to VR research from cognitive neuroscience would be that a user feels as if 
they inhabited the avatar, with concomitant physiological responses to the environ-
ment and little notice of their own “real” body. 

The results from several experiments highlight the potential for better understand-
ing the neuro-cognitive basis for the relationship between cognitive embodiment and 
presence. Arzy and colleagues (2006) identified two separate regions of the brain that 
activated dependent upon whether subjects viewed a picture of a body from an embo-
died perspective, or a disembodied perspective. The former condition resulted in  
activation of the extrastriate body area (EBA), while the latter resulted in the tempo-
parietal junction (TPJ). Injury to the TPJ has been linked to out-of-body experiences 
in other research (Blanke et al, 2004), and has been associated with certain aspects of 
self-processing, self-other distinction, and mental own-body imagery  (Arzy et al., 
2006; Ruby & Decety, 2001; Vogeley & Fink, 2003). The EBA responds to both im-
ages of bodies and body parts, imagined movement of one’s own body, and executed 
movements (Arzy et al., 2006; Astafiev et al., 2004; Downing et al., 2001). 

A similar result was found when researchers asked subjects to imagine themselves at 
some location outside of their body and then perform spatial transformations on the body 
(Blanke and Arzy, 2005). Subjects were then asked to perform the same task with non-
body images. Subsequent artificially induced interference through transcranial magnetic 
stimulation interfered with the former task, but not the latter. The results suggest that the 
TPJ is responsible for mediating spatial unity of self and body, not and that external re-
presentations of self are not treated as normal objects for spatial transformation. 

Research in cognitive neuroscience on embodiment is relevant to our explorations 
of embodiment and presence in virtual worlds. Understanding which regions of the 
brain are responsible for creating the feeling of inhabiting an avatar will allow us to 
better measure the user’s reaction to the avatar. 

3 Afforded Embodiment and Virtual Reality 

Taking these ideas and aspects of embodiment, we define embodiment as the degree 
to which an avatar affords the user equal or greater functionality expected of our  
natural bodies. This functionality is comprised of three dimensions – physical [motor 
control and environmental manipulation], sensory input, social and self-identity. We 
argue that researchers have been experimenting with different degrees of afforded 
embodiment for years yet have not really considered their research to be part of  
embodiment research.  

Our dimensions of embodiment map well to Lee’s (K. M. Lee, 2004) three forms 
of presence, although the strengths of those relationships has yet to be determined. 
Evidence suggests that a lack of self-presence may inhibit achieving full presence 
(Slater, Usoh, & Steed, 1995), which would also indicate that pyscho-social embodi-
ment is always an important consideration.  

In addition to progressive sensory and motor embodiment, there needs to be a high 
degree of sensorimotor coupling. This is defined as the “degree to which changes in 
body position correlate immediately and naturally with appropriate changes in sen-
sory feedback (Biocca, 1997).” For example, a lack of coordination between the visu-
al, vestibular, and motor systems usually results in simulator sickness.  
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3.1 Sensory Input 

The sensory input dimension measures the degree to which the user can leverage the 
different senses during interactions with the VE. These include, but are not limited to 
- vision, audition, olfaction, tactician, thermoception, proprioception, etc. 

The body of research on visual sensory stimulation in VE is very large; this is not 
surprising given the amount of emphasis our culture places on the visual. This re-
search includes experimentation on visual scale (i.e., screen size) (Tan et al., 2004) 
and dimensionality (2D vs. 3D) (Bae et al., 2012) and their effects on a range of task 
performances and presence.  

Higher quality ambient and action driven sounds (i.e., sounds appearing to origi-
nate from the source of movement) are increasingly common.  A number of research-
ers have been working on the role of audio in virtual worlds and have found varying 
degrees of effect on subjective reports of subjects’ level of immersion (Grimshaw, 
Lindley, & Nacke, 2008).  

Haptic feedback is an increasingly popular affordance in virtual environments. 
Force feedback has been a popular option in many simulators, and is now relatively 
common on many joysticks. More sophisticated implementations are also popular, as 
researchers seek to increase users’ sense of presence.  Sallnäs and colleagues (Sallnäs, 
Rassmus-Gröhn, & Sjöström, 2000) found that implementing a force feedback me-
chanism had positive effects on [physical] presence and task performance. There have 
also been a number of successful subsequent studies looking to use haptic feedback 
for improving or understanding social (Bailenson & Yee, 2007; Chan, MacLean, & 
McGrenere, 2008) and physical (S. Lee & Kim, 2008) presence in virtual environments.  

3.2 Motor Control 

Motor control refers to the ways in which the user can control the avatar as well as the 
degree to which the avatar is controllable. Avatar control generally refers to the input 
device used to control the movements of the avatar (gamepad, keyboard, etc.). Ava-
tars can move through VE via different paths; in early video games movement was 
along one or two dimensions, while newer VEs allow much greater freedom of 
movement. The ability to, and activity of, engaging in body movement including 
bending, crouching, and head pitch and yaw, affects presence (Slater et al, 1998). 
Researchers have also found that mapping VE locomotion to similar real body 
movements results in higher presence, albeit mediated by the amount of subjective 
association the user has with the avatar (Slater et al., 1995). Finally, users can mani-
pulate the VE to varying extents; how the user manipulates the environment as well as 
the degree to which she can has an effect on presence. 

3.3 Psycho-social Afforded Embodiment 

Psycho-social afforded embodiment refers to the degree to which the user can modify 
and/or manipulate their avatar to reflect or express their identity. That identity can 
either be an idealized or accurate reflection of their identity. The avatar must facili-
tate, or at least not impede, the process of identity construction. Based on previous 
research we know that avatar customization is an important affordance and that users  
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expend considerable effort to customize their avatar (Ducheneaut et al, 2009; Taylor, 
2002), respond and behave according to the embodiment of their avatar (Yee &  
Bailenson, 2007), and feel higher levels of presence when the avatars resemble them-
selves  (Bailey, Wise, & Bolls, 2009). Psycho-social embodiment directly affects self-
presence and social presence, and may serve as a moderating variable for physical 
presence.  

4 Conclusions 

In this paper we discussed the ways in which the interactions between our minds, 
bodies, and environment form the basis for our cognition. For example, we create 
mental schemata of environmental objects via the way in which we manipulate  
them (Pellegrino et al., 1992; Rizzolatti et al., 1988). We also encode our own bodily 
movements and perceive others’ movements using the same set of neurons  
(Gazzola & Keysers, 2009). Behaviorally, our body positioning and use impacts our 
social observations (Williams & Bargh, 2008), feedback acceptance and task perfor-
mance recall (Stepper & Strack, 1993), and improves performance on cognitive tasks 
(Havas et al., 2010; Thomas & Lleras, 2009). 

The three-way relationship between mind, body and environment is the focus of 
the research area known as Embodied Cognition, which in turn can be leverage to 
guide VR researchers and designers who are interested in making VR systems that 
facilitate greater levels of presence. More importantly, by acknowledging that our 
bodies play an integral (instead of subordinate) role in our cognitive processes and 
that this role has multiple dimensions we can begin to explore the more subtle yet 
important relationships between embodiment and presence.  

Looking to the future we see opportunities to not only revisit old data, but also start 
exploring the ways in which avatar design affordances affects users’ sense of pres-
ence in virtual environments. Additionally, we now have a framework that can be 
used to guide psycho-physiological instrument based research on presence. For exam-
ple, it may be possible to use functional near infrared spectroscopy (fNIRS) and  
electroencephalography (EEG)(Hirshfield et al., 2009) to measure users’ engagement, 
mental workload, and response inhibitions in virtual environments to see if the affor-
dances are working as intended. 

Based on the ideas of embodied cognition, we argued that afforded embodiment is 
an appropriate framework for exploring avatar functionality and presence.  In this 
paper we highlighted the already large body of literature built up around exploring 
degrees of embodiment. While that research is a good first step, much of it did not 
seek to explicitly measure the relationships between the dimensions of afforded em-
bodiment and forms of presence. Insight into these relationships will help designers 
and researchers make more informed design decisions when choosing avatar affor-
dances for virtual environments. Finally, establishing a more systematic and coherent 
view of the relationship between the user and their avatar is a necessary first step in 
understanding the user’s experience in virtual environments. 
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