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Background. Modern technologies provide a wide range of opportunities for studying 
different types of social processes and phenomena. Currently many original social  stud-
ies have been done with the use of virtual reality technologies. The effectiveness of their 
application has been shown for the study of verbal and nonverbal communication; the 
processes of ethno-cultural identity; and for teaching social skills, as well as correcting 
social anxiety and ethnic attitudes. One of the very real question concerning spatial be-
havior during communication with partners from other ethnic groups, however, has not 
been studied very much.

Objective. In our study we explored proxemic behavior in subjects’ face-to-face in-
teractions with avatars of in-group and out-group ethnic appearance. Using the CAVE 
virtual reality system, we studied preferred interpersonal distances in carrying out mem-
ory tasks during interaction with the avatars.

Design. Three virtual environments with avatars of different ethnic appearance were 
developed.  Each virtual scene represented a room where three avatars of the same eth-
nicity were standing. Their appearance was associable with one of three ethnic groups–
the Slavic, North Caucasian, or the Central Asian. The participants (all of whom identi-
fied themselves as Russians) were immersed in the virtual scenes with the help of the 
CAVE virtual reality system. They were instructed to keep in mind as many details of the 
avatars’ appearance as they could.

During the task’s execution the interpersonal distances between the participants and 
the avatars were registered. After leaving the CAVE, the participants were asked to an-
swer questions about the details of avatars’ appearance, and to fill out a questionnaire 
assessing the Presence Effect in virtual environments. The identification accuracy of the 
avatars’ appearance details and the Presence effect were measured. The interpersonal dis-
tances were analyzed for the area around the direction of mutual gaze.

Results. The results showed that participants preferred to keep closer interpersonal 
distances from the avatars of the same ethnic group as their own. During interaction 
with avatars belonging to another ethnic group, significantly larger interpersonal dis-
tances were preferred. A significant correlation between the interpersonal distance and 
the Presence Effect was also revealed.
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Conclusion. Virtual reality technology provides a unique and valuable tool for so-
cial researchers, including in ethnic attitude studies. A complex method of measuring 
interpersonal distances and the Presence Effect allows us to assess the main variables 
during social interaction with high accuracy. The virtual environments designed for this 
study can be applied successfully not only for studying proxemic behavior, but also for 
accomplishing other tasks, such as developing communication skills and forming posi-
tive attitudes towards ethnic out-groups.

Keywords: interethnic attitudes, proxemics, nonverbal communication, compensation 
effect, mutual gaze, CAVE virtual reality technology, avatar, Presence Effect 

Introduction
Social studies are currently getting more efficient due to modern technologies, 
which allow us to design complicated stimuli scenes and detect behavioral reac-
tions in real time. Virtual reality systems, which have been increasingly used for 
these studies during the past 20 years, are one example of such technologies. One 
of the main advantages of using virtual reality systems in socialstudies is that they 
provide an opportunity to study the social interaction between the study’s partici-
pants and virtual characters, i.e. avatars (Lanier, 1992; Bailenson at al., 2008a; Ei-
chenberg, 2012). According to the Oxford dictionary, the term „avatar“ is defined 
as „an icon or figure representing a particular person in a video game, Internet fo-
rum, etc.“ (www.oxforddictionaries.com/definition/ english/avatar). In the context 
of our study, we considered avatars to be virtual partners simulating real people’s 
appearance and behavior during interaction in virtual environments.

The active application of virtual reality systems to socialstudies allows  research-
ers to extend the range of fundamental and applied research objectives which, until 
recently, could hardly (if ever) be accomplished using classical methods such as 
questionnaires, surveys, etc. Thus, during the past decade, study of ethno-cultural 
identification, interethnic and interracial attitudes, and the nonverbal behavior of 
partners from different cultures has developed a lot (Blascovich et al. 2002; Asmo-
lov et al., 2014; Zinchenko et al., 2015). New methods of analysis and for regulation 
of social conflicts have been designed due to the new tasks. Thereby, using avatars 
as virtual partners provides us with original data on the peculiarities of personal 
space characteristics (Bailenson et al., 2003), the factors determining spatial behav-
ior in virtual environments (Bailenson et al., 2008b), and the specific manifesta-
tions of social preferences (McCall et al., 2009).

The dynamics of  spatial behavior during communication are among the most 
significant expressions of interpersonal (and, especially, ethnic) attitudes. The study 
of spatial behavior is called proxemics (Hall, 1966). Different proxemic signals used 
in social contacts have been identified, including interpersonal distance, gaze direc-
tion, head and body posture, shoulder orientation, and others (Hall, 1966; Schegloff, 
1998). The degree of interpersonal distance is considered to be one of the most ex-
pressive non-verbal signals in the communication process. A number of  distance 
zones have been distinguished: “Intimate Space” (0.15-0.45 m); “Personal Space” 
(0.46-1.5 m); “Social Space” (1.6-3.7 m); and “Public Space” (≥ 3.7 m). The proxemic 
zone values are assumed to reflect some implicit rules associated with social laws 
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of secure communication: by observing proxemic rules, people share information 
about their opinions on social status, race/ethnicity, and cultural features.

The degree of spatial proximity between communicants has been shown to de-
pend on many factors, including gender and age characteristics (Willis, 1966), so-
cial prejudices, and stereotypes (Watson, 1970), as well as racial/ethnic preferences 
(Rosegrant & McCroskey, 1975). A compensation effect in interpersonal distances 
has been found, which shows that people maintain greater distances from a part-
ner who maintains a constant mutual gaze (Argyle, Dean, 1965). That same effect 
was found in the interaction between the participants and the avatars (Bailenson 
et al., 2003). It was shown also that psychological discomfort arises in the case of 
personal space violation by another person, especially in the case that he/she has a 
different ethnic affiliation. This sense may manifest itself in involuntary behavioral 
reactions of contact avoidance: participants prefer to increase the interpersonal dis-
tance between themselves and a partner of a different racial/ethnic group.

Methods have been developed for studying the rules of proxemics (Hayduk, 
1983), which include:

•	 The chair selection method, in which a participant himself chooses a place 
which he/she considers comfortable for communication;

•	 The stop distance method, in which a participant tells a partner to stop 
approaching, when the partner reaches the most comfortable distance for 
communication;

•	 The method of projective studies, in which participants manipulate pup-
pets or abstract figures; and

•	 The natural-observation method, when the spatial behavior of communi-
cants in real situations is recorded.  

Analysis of the details of their application has revealed both the advantages 
and disadvantages of each method. Thus, the method of projective studies has been 
shown to have low ecological validity, while the natural observation method shows 
a low level of control over the scene’s physical parameters. A significant drawback 
of the other methods is related to the need to involve actors whose behavior (e.g., 
gestures, facial expressions, voice timbre, etc.) can change a lot between experimen-
tal trials. Also, it should be noted that in studies of ethnic preferences, the main 
difficulty lies in the choice of actors, whose appearance should reflect the represen-
tative features of the ethnic groups being studied.

The use of virtual reality systems eliminates most of the above-mentioned dis-
advantages. Analysis of the application of virtual reality technology for studying 
social phenomena has shown its obvious benefits (Zinchenko et al., 2015; Fox et 
al., 2009). The main ones include the ecological validity of virtual environments, 
and the ability to registrate full real-time responses of the respondent’s behavior 
(Zinchenko et al., 2010). Furthermore, it should be noted that the technical param-
eters of virtual reality systems provide high-accuracy estimations of the partici-
pants’ involuntary reactions during communication with virtual partners.

In earlier proxemic studies, the evaluation of spatial metrics was quite rough, 
thereby limiting the potential for accurate quantitative analysis of the spatial behav-
ior (Jones, Aiello 1979). The more recent development of head- and body-tracking 
technology in virtual environments enables researchers to record changes in macro 
and micro movements during communication with a high accuracy (Oosterhout 
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& Visser 2008; Gamberini et al. 2015). It is also important to mention one more 
advantage: the ability to standardize the situation of ethnic/racial interaction due 
to the ability to control the avatars’ behavior (their facial expressions, postures, and 
etc.).

One of the most important issues in applying virtual environments to social 
studies is the question of how realistic and natural the virtual scenes and virtual 
partners appear to the  participants. It is assumed that the more realistic the per-
ception of a virtual environment, the stronger the feeling of immersion in the vir-
tual world. Immersive experience also suggests the feeling of “being there,” as well 
as one’s own body’s presence inside the virtual environments (Lombard & Ditton, 
1997).

To assess the feeling of immersion, B. Witmer and M. Singer suggested the  
“Presence Effect” concept. They defined it as “the subjective experience of being in 
one place or environment, even when one is physically situated in another” (Wit-
mer & Singer, 1998). A questionnaire was developed to elicit the participants’ sense 
of “presence” in virtual environments, together with a questionnaire for measuring 
a person’s immersive tendencies. It included three to four general, and five to six 
specific questions concerning the realism of the virtual scenes and characters. The 
questionnaire and its modifications have become a standard tool for measuring the 
efficiency of virtual reality exposure. 

While virtual reality systems have obvious benefits for studying ethnic/race 
preferences, there are few publications on this issue. Among these works, we can 
distinguish the study (Dotsch & Wigboldus, 2008) which showed that people with 
a negative attitude toward some racial group showed the same racial prejudices 
during interaction with avatars with a corresponding appearance. Virtual systems 
are successfully used to assess the social attitudes toward the Negroid race (Mc-
Call et al., 2009). Groom (Groom et al., 2009) discovered changes in the subjects’ 
racial attitudes after they manipulated their own avatar by giving it a modified skin 
color. 

The goal of our experiment was to study the spatial behavior (proxemics) in 
face-to-face interactions with avatars of in-group and out-group ethnic appear-
ance. We hypothesized that the interpersonal distance would decrease during com-
munication with avatars with an in-group ethnic appearance, and, conversely, it 
would increase in the case of interaction with avatars with an out-group ethnic ap-
pearance. We also assumed that the value of interpersonal distance would correlate 
with the strength of the Presence Effect.

Method
Subjects. 40 persons participated (29 female, 11 male), aged 18 to 26. All partici-
pants identified themselves as Russians (belonging to the Slavic ethnic group). All 
of them had normal or corrected-to-normal vision and had no disorders of the 
vestibular system or brain injuries. 

Stimuli. Three-dimensional virtual scenes simulating the situation of inter-eth-
nic interaction were developed. Each scene represented a living room in the center 
of which a group of three avatars of the same ethnic appearance were located. There 
were windows and a door in the room, with a hilly landscape visible  through them. 
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The avatars stood in a circle facing each other. They differed in height, build, cloth-
ing details, facial features, and facial expressions: neutral, less friendly, and friend-
lier. The avatars were animated: they swayed a little, moved eyes and heads. Three 
virtual scenes were developed: the first contained three avatars of  Slavic appear-
ance; the second, avatars of  North Caucasian appearance; and the third, avatars of 
Central Asian appearance. 

Apparatus. Virtual scenes were presented using the CAVE virtual reality system 
Barco Ispace 4 (Fig. 1). It consisted of four large flat screens, which were combined 
to form a cube consisting of three walls and a floor. The effect of three-dimensional 
virtual objects and characters was created using Crystal Eyes glasses. The partici-
pants used a Flystick2 manipulator to navigate in the virtual environments. Po-
sition data of the participants’ movements were recorded using tracking system 
A.R.T. DTrack 2. Position points were recorded with an 8 Hz update frequency. 
VirTools 4.0 was used for software development. This system has been successfully 
used in the research of three-dimensional illusions (Menshikova, 2013) and disor-
ders of vestibular function (Menshikova et al., 2015).

 

Figure 1. An overview of the CAVE virtual reality system  

Procedure. A scenario for the participants’ action in the virtual environment 
was developed. In the beginning, the participants were offered a training session, 
where they could learn about their possible movements in the virtual environment 
using Flystick.  Each participant was asked to move around the room in all direc-
tions, approach the avatars, and get around them. The training session lasted for 
5-10 minutes, during which time the participant had mastered the Flystick in order 
to fully control her/his own movement in the virtual environment.

Then she/he took the main test, which consisted of three sessions. In the first 
session, the participants interacted with a group of avatars of Slavic appearance; in 
the second, of  North Caucasian appearance; in the third, of  Central Asian appear-
ance. The sequence of presentation of the different ethnic groups was randomized.

Before the testing, the following instruction was given: “You are participating 
in an experiment assessing your accuracy in recollecting the appearance of various 
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avatars. Three scenes representing a room with three avatars are presented. Your 
task is to approach each avatar using Flystick and remember all the details of its 
appearance (i.e. clothing details, facial features, facial expression). Then you have 
to fill out two questionnaires concerning the details of each avatar’s appearance, 
as well as your ethnic preferences toward the avatars you have just seen. Then the 
second and third scenes will be presented, and the testing of the accuracy of your 
recollection will be repeated. At the end you will be asked to complete a question-
naire concerning the realism of virtual scenes.”

The questionnaire assessing the recognition accuracy of the avatars’ appear-
ance was designed for each ethnic group separately. It consisted of eight questions 
about the details of clothing, eye and hair color, the peculiarities of emotional facial 
expressions, and others.

The questionnaire for assessing the Presence Effect was a modified version of 
the Witmer & Singer Questionnaire (Witmer & Singer, 1998), translated by one of 
the authors (G. Menshikova), and modified in accordance with the objectives of our 
study. It consisted of 10 questions relating to the general impressions of the virtual 
environments, the realism of their appearance, and the behavior of the avatars.

To be specific: Three general questions were formulated about the realism of 
the virtual environments (numbers 1-3); two questions about the realistic proper-
ties of the avatars’ appearance (numbers 4,5); three questions about the feelings 
caused by interaction with the avatars (numbers 6-8); and two questions about the 
participant’s adaptation to the virtual environment (numbers 9,10). The partici-
pants evaluated the questions on a scale from 1 to 7, where one corresponded to 
minimum, and seven to maximum virtual environment effect.

The variables to be measured were the pathways of the participants’ walking 
around avatars of different ethnic appearance than themselves; the execution time 
of any session; and the answers to the questionnaire assessing the recognition ac-
curacy of the appearance of avatars from each ethnic group, as well as the answers 
to the questionnaire assessing the Presence Effect.

Data processing. The data analysis included the calculation of the average and  
minimal average distances that participants assumed between themselves and ava-
tars of different ethnic groups. To reduce the scatter of data points, the average 
and minimum distances were summarized in a particular space area around the 
direction of mutual gaze. The choice of this area was driven by information show-
ing that the participants prefer to maintain a greater distance while in the “eye-
to-eye” area, and a shorter distance if they exit the eye contact zone (Bailenson et 
al., 2003). The strength of the Presence Effect was calculated with scores averaged 
over the entire sample, and over each group of avatars. Data analysis was made by 
SPSS Statistics 20.

Results and discussion
The accuracy of the recognition of the avatars’ appearance in different ethnic groups. 
The accuracy of the avatars’ appearance recognition, and also the avatars’ facial 
expression recognition, was calculated across the entire sample separately for each 
group of avatars. It was shown that the recognition accuracy of certain details re-
mained consistently high regardless of the ethnicity of  the group of avatars: P1= 
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0.98±0.02; P2= 0.97±0.015; and P3= 0.98±0.01, where P1, P2, and P3 were the 
probabilities of identifying the details of  avatars of Slavic, North Caucasian and 
Central Asian appearance, respectively.  A negligible decrease in the identification 
accuracy was recorded for fine details (e.g., the ring on a finger), for details out-
side the range of active attention (e.g.,  shoe color), and also for the recognition of 
the avatars’ facial expressions. For these cases, no significant probability difference 
across various avatar ethnic groups was observed as well. The results indicated the 
absence of a significant influence of the ethnicity factor (the situation of social in-
teraction with avatars of different ethnic groups) on the execution of the cognitive 
memory task.

Inter-individual distance between a participant and the avatars of ethnic in- and 
out-groups.The specific characteristics of approaching and walking around  ava-
tars belonging to different ethnic groups, were mapped by registering the  X and 
Y coordinates of the participant’s location in the virtual environment. In Fig. 2, 
three pathways around the avatars of different ethnic appearance performed by a 
typical participant (A.G.) are shown. The avatars’ 2D positions are marked with 
black circles (numbers 1, 2, 3); the starting point of the participant’s position with 
a brown circle (number 4). The trajectories of the participants’ bypass around  ava-
tars of different ethnic appearances are marked with different colors: green, red, 
and blue lines for the bypass around Slavic, North Caucasian, and Central Asian 
groups, respectively.

 
Figure 2. An example of the 3 pathways of a typical participant as she walks from the 
starting point around the avatars of different ethnic appearance (the red line=Slavic 
appearance; the green line=North Caucasian appearance; the blue line=Central Asian 
appearance)

The values of interpersonal distances varied strongly over the entire sample 
because the participants expressed their implicit attitudes toward the avatars by 
variable behavioral reactions. Each participant’s motion trajectory around the ava-
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tars was analyzed, in order to reveal the impact of ethnic preference on the inter-
personal distances. The average and minimum average distances for each ethnic 
avatar group were calculated. Distance estimates were made in a space limited to ​​
± 30 ° of the visual angle around the direction of mutual gaze. In Fig. 2 this area is 
marked with a black circle. 

The average and minimum average interpersonal distances (in meters) for ava-
tars of Slavic (Group 1), North Caucasian (Group 2), and Central Asian (Group 3) 
appearance can be seen in Table 1. Standard deviations are shown in brackets.

Table 1. Interpersonal distance: Descriptive statistics

Interpersonal distance Group 1 Group 2 Group 3

Average distance (m) 1.16 (0.16) 1.20 (0.14) 1.21 (0.15)

Minimum average distance (m) 0.57 (0.14) 0.68 (0.19) 0.73 (0.18)

In Fig. 3 the values of average (dark bars) and minimum average (light bars) in-
terpersonal distances are shown. Their values are presented separately for the ava-
tars of different ethnic groups: the Slavic (Group 1), the North Caucasian (Group 2), 
and the Central Asian (Group 3).

Figure 3. The average (dark bars) and minimum average (light bars) interpersonal dis-
tances for avatars of the Slavic (Group 1),  North Caucasian (Group 2), and Central 
Asian (Group 3) groups 

The differences between the average interpersonal distances with pairwise 
comparison of all groups were insignificant: between Groups 1 and 2 (t (80) = 3.67, 
p<0.08); between Groups 1 and 3 (t (80) = 4.65, p<0.09); and in Groups 2 and 3 
(t (80) = 5.44, p<0.13).  When comparing the minimum distances, we found that 
the differences between Groups 1 and 2, as well as between Groups 1 and 3, were 
significant: t (80) = 2.48, p<0.05) and t (80) = 3.86, p<0.04), respectively. On the 
contrary, the differences of minimum distances between Groups 2 and 3 were in-
significant (t (80) = 5.44, p<0.13).

Thus, the minimum distance data confirmed our hypothesis: its decrease dur-
ing communication with avatars of in-group ethnic appearance, and, conversely,  
its increase in the case of interaction with avatars of out-group ethnic appearance. 
It should be mentioned that the values of minimum distances observed in our ex-
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periment (0.58 m-0.72 m) were higher than the findings (0.34 m-0.54 m) of a simi-
lar study performed with the help of virtual reality systems (Bailenson et al., 2003). 
Perhaps the decrease in the minimum distances was due to the particular memory 
tasks given to the participants: in the Bailenson study, the participants were asked 
to remember the avatars’ names, which were written on their clothing in small let-
ters, and thus required maintaining shorter distances from the avatars. 

Measuring the Presence Effect. Presence scores were averaged separately for 
each question over all participants and all avatars’ ethnic groups. The mean Pres-
ence scores for each question are shown in Fig. 4.

Figure 4. Mean Presence scores versus the question number 

Our data showed that the highest scores (> 5 points) were given in response to 
predictions of further events in a virtual environment, as well as in the estimates of 
the speed of adaptation to a virtual environment. The least pronounced Presence 
Effect (~ 3.5-4 points) was shown for the evaluation of the avatars’ realism and the 
naturalness of their movements. The answers to the remaining questions about the 
realism of the virtual environments were in the middle range of 4-5 points.

We calculated the sample correlation coefficient between the values of mean 
minimum interpersonal distances and Presence scores, averaged over all 10 ques-
tions. The results showed a high negative correlation (r=0.67; p=0.005), indicat-
ing a more pronounced interpersonal effect if the participant’s Presence score was 
higher. In other words, the more realistic the virtual environment is perceived to 
be, the larger distances the participants kept from the avatars, regardless of their 
ethnic appearance.

The question arises whether the same  behavior would be observed when the 
participants interact with real people in a real environment. We assume that our 
results are valid and can describe the real spatial behavior during interaction with 
partners of other ethnic groups. This assumption is based on the following ideas. 
First, it has been shown that many social phenomena manifest themselves in the 
same way in both real and virtual environments (Bailenson et al., 2003; Fox et al., 
2009; Eichenberg, 2012). Second, the similarity of the impact of both environments 
(real and virtual) on social behavior is indirectly confirmed by the high scores of 
the Presence Effect. Third, our participants described the avatars as real people in 
the interview session at the end of the experiment. 
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Conclusion
Virtual reality technology provides a unique and valuable tool for social research, 
including ethnic attitude studies. 

The assessment of interpersonal distances maintained between participants 
and avatars of different ethnic appearance, as well as the evaluation of the Presence 
Effect, allow us to measure ethnic attitudes.

Our method allows us to control and assess a large number of variables during 
social interaction, including an estimation of proxemics, with high accuracy.

Our method showed that respondents preferred to keep shorter interpersonal 
distances from avatars of the same ethnic appearance as themselves. During the 
interaction with avatars with out-group ethnic appearance, significantly larger in-
terpersonal distances were preferred.

These results could be of great importance for developing complex methods of 
testing behavioral patterns during social interactions.

The virtual environments we designed can be applied successfully not only to 
studying the respondents’ ethnic attitudes, but also to solving other practical tasks, 
such as developing communication skills with, and forming positive attitudes to-
ward, ethnic out-groups. 
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