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Introduction: Telepresence robots (TPRs) are the subject of an emerging field 

of application and research that has recently received attention from various 

disciplines. Most of the relevant research has been done in computer science, 

while the interest from psychology and education has been relatively modest. 

Proximity plays an important role in personal interactions. Although human 

spatial behavior has been widely studied in social psychology, little attention 

has been paid to the spatial behavior of humans and TPRs.

Methods: The purpose of this paper is to present the results of a pilot study 

that investigated a certain aspect of spatial behavior – physical proximity or 

interpersonal distance – based on four social zones of interpersonal distance 

that characterize Western culture: intimate, personal, social, and public. The 

study conducted an experiment involving participants both in person and via 

TPRs, using the Double 3 TPRs in various simulated situations.

Results: According to the findings, when interacting with a TPR, most 

participants maintained a communication distance of 60 to 160 cm, which is 

the borderline between personal and social distance, quite similar to normal 

human-to-human social communication. Status and previous relationship did 

not play any role in the choice of communication distance, but there were 

significant gender differences. On average, male participants chose a shorter 

distance to interact with TPRs compared to female participants. Persons 

with previous computer gaming experience chose a significantly shorter 

communication distance compared to persons with no such experience. A 

little more than half of the participants found the method of communication 

through TPRs to be pleasant.

Discussion: TPR mediated persons might be perceived as “real” when 

communicating with physically present persons, with similar norms applied as 

in human-to-human social interactions. Especially in the context of classroom 

communication, people keep communication distances comparable to far 

personal or close social distances. These findings suggest that implementation 

of TPRs in education does not put additional requirements for physical space 

in classroom.
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1. Introduction

The interest toward using telepresence robots (TPRs) has 
increased notably since the early 1990s. For example, in the last 
few years the market has developed significantly due to an influx 
of new vendors, with its value of USD 165 million (Mordor 
Intelligence, 2021) in 2020 expected to grow to 1.4 billion in 2030 
(Verified Market Research, 2022). The global TPR market consists 
of North America, Europe, Asia Pacific, and the rest of the world, 
with the Asia Pacific having the fastest-growing market in the 
coming years (Verified Market Research, 2022). The major 
vendors include Amy Robotics, Anybots, Double Robotics, Inbot 
Technology, Intouch Technologies, Mantaro Networks, 
Ohmnilabs, Qihan Technology, Suitable Technologies, Superdroid 
Robots, and VGO Communications (Emergen Research, 2021).

According to El-Gayar et al. (2005), telepresence “is defined as 
the feeling of being fully present at a remote location from one’s own 
physical location. Telepresence creates a virtual or simulated 
environment of the real experience.” A telepresence robot (TPR) is 
a mobile communication tool or device that consists of a mobile 
base, display, microphone, camera, speakers and various sensors, 
and can be remotely controlled. Telepresence offers new solutions 
for remote collaboration and promotes the efficiency of several 
activities (Goza et al., 2004; Zhang, 2021). Compared to traditional 
video-conferencing tools, TPRs can cultivate stronger feelings of 
social presence, a greater sense of togetherness and a feeling of 
being together in one room (Nowak and Biocca, 2003; Nakanishi 
et al., 2008; Newhart et al., 2016; Schouten et al., 2022), enabling 
richer communication that is more similar to in-person  
communication.

TPRs are used in a variety of fields, for example in:

 • Healthcare, e.g., telehealth, care for elderly people, and 
various technical tasks (O’Neill et al., 2001; Tsai et al., 2007; 
Cesta et al., 2016; Koceska and Koceski, 2022);

 • Business, e.g., managing teams at multiple locations, 
attending meetings (Lee and Takayama, 2011; Tsui et  al., 
2011; Beno, 2018; Muratbekova-Touron and Leon, 2021), 
museums (Claudio et  al., 2017; Chang, 2019), industry 
(James et al., 2019; Hernandez et al., 2021);

 • Education, e.g., addressing challenges that are related to 
health of either students or teachers, distance, disasters, etc. 
(Gallon et al., 2017, 2019).

TPRs can enable communication (e.g., supervisors consulting 
their subordinates or teachers guiding groups of students) that 
would otherwise be too costly (e.g., travel-related financial or time 
costs) or impossible (e.g., the COVID-19 era restrictions). 
Compared to mobile robots, TPRs allow using the knowledge and 
experience of a skilled expert swiftly over great distances, safely in 
dangerous situations, etc. For example, in telehealth, TPRs make 
it possible for the highly skilled experts to tend the patients over 
great distances – e.g., the first ever telerobotic surgery was a 
laparoscopic cholecystectomy performed on a patient in France 

by a surgeon from United States on September 7, 2001 (Marescaux 
et al., 2002). More widely, TPRs allow patients in remote areas to 
access doctors or facilitate managing patients with highly 
dangerous infectious diseases in hospitals. In particular, TPRs are 
seen as promising in catering to elderly people, allowing cutting 
costs when visiting patients at their homes or allowing family 
members to safely visit their elderly relatives in nursing homes 
(Moyle et  al., 2019). In education, TPRs are mainly seen as 
enablers, allowing students to participate in in-person lessons 
when their health, disabilities or travel costs would force them to 
suspend or discontinue their learning (Leoste et  al., 2022). In 
particular, according to a literature review of Virkus et al. (2022), 
TPRs can promote language learning by providing authentic 
communication practice, facilitate the access to education in 
specific situations where physical access to education is either 
temporarily or permanently impeded (e.g., dangerous 
environments), reduce remote students’ loneliness, provide them 
with a greater sense of social presence, engagement, autonomy, 
interest, confidence, focused attention, situation awareness, 
motivation, mobility, and flow experience that involves energized 
focus, a strong sense of pleasure and the loss of time-consciousness 
in classroom settings compared to videoconferencing. TPRs can 
also provide supervisory opportunities such as teacher-to-teacher 
mentoring and coaching throughout the classroom (e.g., 
Montessori early childhood education classrooms). TPRs can also 
provide access to cultural assets, such as in museums, libraries, 
archives and galleries which can be effectively integrated into the 
learning and teaching process. There are currently many examples 
of how TPRs are already helping students with special needs (e.g., 
autism, attention deficit hyperactivity disorder and diabetes). 
TPRs can also support internationalization by enabling 
educational institutions to access experts from around the world 
to interact and teach students, enriching their educational and 
cultural experience (Draper et al., 1999; Faiola et al., 2013; Lister, 
2020; Burbank et al., 2021; Lei et al., 2022; Van Erp et al., 2022).

The overall reason for developing telepresence robotics is to 
provide a Telepresence Robot Mediated Person (TMP) with an 
alternative body when using the human body is either not possible 
or not cost-effective. In this sense, the robotic body is often viewed 
as a double, a proxy for the TMP’s own body, allowing the person 
to have bodily ownership and bodily awareness over the robotic 
body (Björnfot, 2022). A TPR allows the TMP to become spatially 
present at a remote location while being aware of surroundings 
and remaining relatively independent by making it possible to 
move around the room and interact with different people (Lee and 
Takayama, 2011; Page et al., 2020; Björnfot, 2022). These abilities 
make it possible for the TMP to have a social presence in the room 
and to imitate normal social practices of human beings (Takayama 
and Go, 2012). These social practices, however, depend on the 
abilities of the bodies of the participants of social interactions, as 
a social practice is “a routinized way in which bodies are moved, 
objects are handled, subjects are treated, things are described and 
the world is understood” (Reckwitz, 2002). A TPR provides its user 
with movement, vision, hearing, speech, and the opportunity to 
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show the user’s face, allowing the user to express their identity. 
However, human communication relies on other social cues, too. 
Body movements, spatial behavior, posture, eye contact and 
gestures can be  used to convey additional meaning during a 
discussion, making it easier for the participants to mutually 
understand their intent, attitude, to take on different roles, and 
establish intimacy and trust (Urry, 2004; Strengers, 2015). 
Conveying these social cues via the limited abilities of current 
TPRs can be impossible or at least challenging.

1.1. Existing research

The research on the value of TPRs fostering communication 
is still scarce. Most studies that have investigated the use of TPRs, 
are conceptual, usually providing proof-of-concepts or small-size 
case studies. Previous research is mainly based on qualitative 
research of people’s perceptions and experiences through 
analyzing interviews, written reflections and video recordings. 
Very few studies have so far compared multiple experimental 
conditions to reveal the effect of TPRs (Chen et al., 2022). The 
relevant empirical research about the underlying process that may 
explain group cooperation and communication via TPRs 
(Schouten et al., 2022) needs also supplementing as most of the 
existing research is done in computer science, focusing on the 
technological aspects of TPRs. For example, our analysis (Virkus 
et al., 2022) of the articles in the Web of Science database suggests 
that almost half (49.7%) of the publications about TPRs come 
from the subject area of computer science, followed by robotics 
and engineering. Only a marginal part of the papers studies the 
ramifications of using TPRs in, e.g., educational research (6%), 
psychology (6%), health care (5%), or other fields.

The analysis of articles from the field of psychology indicates 
that TPRs can provide their users with greater social presence as 
well as engagement and flow experience when working in groups 
with Physically Present Persons (PPPs), compared to using regular 
video conferencing tools. However, compared to physically 
present attendance, the social presence, and engagement, when 
using TPRs, still seems to be lower. In addition, the use of TPRs 
involves some problematic aspects, such as robomorphism, where 
a TMP is perceived by PPPs as being a part of the robot instead of 
a human being. The findings from the perspective of psychology 
indicate that the research in this area is still rudimentary and 
without a clear focus. However, it seems that the topic of social 
presence needs to be studied more rigorously as, based on existing 
papers, it is considered as one of the key advantages of using TPRs, 
when compared to traditional display-and-speakers based video 
conferencing means (Schouten et al., 2022; Virkus et al., 2022).

In the context of telepresence technology, social presence 
happens when “a person’s perception fails to accurately acknowledge 
the role of technology in her/his perception that the person or people 
with whom s/he is engaged in two-way communication is/are in the 
same physical location and environment when in fact they are in a 
different physical location” (Lombard and Snyder-Duch, 2001). In 

other words, a TPR allows the TMP and the PPP to feel as being 
together with another person in the same room, “including 
primitive responses to social cues/−−−/and automatically-generated 
models of intentionality of others” (Biocca et  al., 2003). Social 
presence and engagement, including social cues, is important for 
more efficient communication that is perceived by participants as 
enjoyable and satisfying (Horvath and Lombard, 2010). In this, 
socio-spatial interactivity – a collection of spatial behavior rules 
– holds a key role (McCreery et al., 2015). However, in addition to 
social presence and engagement, Van Erp et al. (2022) highlight 
the importance of bidirectional social cues, including eye contact, 
facial expression, posture, gestures, and social touch. Considering 
the current limits of TPRs (e.g., inability to shake shoulders, move 
hands and the general lack of complex body language), one of the 
most important measurable characteristics of TPR-enabled social 
presence is physical proximity (distance) between 
communication parties.

1.2. Physical proximity in human 
communication

Research in human communication has extensively studied 
human proximity behavior and how this might affect human 
communication (Hall, 1966; Patterson, 1976; Kaplan, 1977). 
According to Hall (1966), spatial behavior can be considered as one 
of the “hidden dimensions” of human communication. It is a set of 
candid norms making use of various concepts such as distance, 
orientation, physical (haptic) and visual (eye) contact, 
personalization, etc. It is a set of silently followed cultural norms 
whose mere existence is often realized only once they are broken. 
However, as many studies indicate, violating these norms leads to 
tension, conflicts and disrupted communication. In this paper, 
we focus on a specific feature of spatial behavior: physical proximity 
or distance. Hall (1966) outlines four main communication 
distance types, the use of which depends on situation and on the 
relationship between the communicating parties:

 1. Intimate distance – less than 40–50 cm, bordering on direct 
physical contact. This distance allows for intensive 
communication where the message is complemented by 
visual (small details of the other person), haptic (touch, 
feeling the breath) and olfactory (smelling) senses. In 
general, this distance is used when the communication 
takes place between people who are very closely related 
(child and parent, spouses).

 2. Personal distance – about 50 to 100 cm. While still allowing 
visual observation of small details, haptic and olfactory 
cues diminish or disappear. This distance is usually 
reserved for people who are closely related to the person 
– entry of a stranger is typically perceived as an intrusion.

 3. Social distance – about 1 to 4 m. This distance hides small 
personal details and it is used for communication that is 
more formal (e.g., this distance is used for customer’s seats 
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in offices). Hall also notes that with distance, 
communication becomes optional (as ignoring the other 
person is not considered improper).

 4. Public distance – more than 4 m. This distance is used in 
public situations (e.g., public speech, lecture, or 
performance) or when communicating with superiors. 
Intimate visual cues are replaced by, e.g., increased speech 
volume and gestures that are more notable.

Several subsequent studies have supported Hall’s (1966) 
categories of communication distance. However, only a small 
number of studies have investigated proximity behavior in 
human-robot interaction (Mead and Mataric, 2012; Walters et al., 
2005; van Oosterhout and Visser, 2008; Takayama and Pantofaru, 
2009; Mumm and Mutlu, 2011; Sardar et al., 2012; Shen et al., 
2018; Saunderson and Nejat, 2019). These studies have found that 
the same proximity zones that exist in human-human interaction 
can be applied to human-robot interaction. For example, Walters 
et al. (2005) found that 60% of participants conformed to Hall’s 
proximity zones, while 40% took up positions too close to the 
robot, suggesting that they were not treating the robot as a social 
entity. The results of the study by Takayama and Pantofaru (2009) 
showed that users’ gender may influence perceptions of proximity 
in human-robot interaction. They also found that participants 
who had prior experience with robots and those who owned pets 
were more comfortable with smaller distance than others. Mumm 
and Mutlu (2011) found that participants who disliked the robot 
would maintain a greater distance from the robot and male 
participants distanced themselves significantly further than 
female participants from the robot. However, in their study, Van 
Oosterhout and Visser (2008) placed a robot in a public place and 
found that men approached the robot closer than women. Joosse 
(2017) also showed significant gender differences in distancing 
behavior in his doctoral study. Previous research has identified 
several factors that can influence people’s personal spatial 
preferences with a robot: gender (van Oosterhout and Visser, 
2008; Takayama and Pantofaru, 2009; Mumm and Mutlu, 2011), 
age (van Oosterhout and Visser, 2008), attitudes toward robots 
(Walters et al., 2005; Takayama and Pantofaru, 2009; Mumm and 
Mutlu, 2011), experience with robots (Takayama and Pantofaru, 
2009), robot appearance (van Oosterhout and Visser, 2008; 
Walters et al., 2009), cultural background (Eresha et al., 2013), 
participants’ personality, interaction context, and situation 
(Walters et al., 2009). However, Leichtmann et al. (2021) conclude 
that most of the current results in this field are quite mixed and 
inconsistent. Due to multiple theoretical and methodological 
limitations, it is not possible to draw meaningful conclusions for 
most factors including gender, age, personality, or robot-
related aspects.

In the context of TPRs, we are interested in understanding if 
the communication between a PPP and a TMP follows the same 
distance rules as established in normal interaction between PPPs.

In August 2022, we  conducted a pilot study to confirm a 
hypothesis and to find answers to three research questions. Our 
hypothesis was the following: A PPP keeps social distance when 

interacting with a TMP. The hypothesis relies on the classification 
by Hall (1966) that refers to people keeping social distance when 
having formal interaction.

Our research questions were the following:
Does the distance between a PPP and a TMP depend on the 

status of communicating parties (teacher vs. student), on their 
relationship (strangers vs. familiars), and on the gender of the 
party that chooses the distance? This question is based on previous 
research about factors influencing communication distance 
(Aiello, 1987).

 1. Does the distance between a PPP and a TMP depend on 
the previous computer gaming experience of the party that 
chooses the distance? This question is based on previous 
research about how gaming experience facilitates adoption 
of novel technologies (Hayes and Ohrnberger, 2013).

 2. How do people evaluate the efficiency and pleasantness of 
communication with a TMP?

 3. In addition, we desired to experiment with and evaluate the 
possibilities of measuring the communication distance in 
situations where a physical test person is interacting 
with a TMP.

2. Methods

The study involved conducting an experiment on using the 
Double 3 TPR (see Double Robotics, 2022) in various simulated 
situations, where some of the participants were present in person 
and others via the TPR (see Appendix 1 for  detailed description 
of the experiment). The duration of the whole experiment was 1 h 
15 min and it took place simultaneously in a large auditorium, four 
classrooms, and some other premises of Tallinn University of 
Technology (during the time of the experiment there were no 
other people moving around the area of the experiment).

The within-subjects design was selected due to relatively low 
number of participants without previous real use experience with 
telepresence robots. In addition, within-subjects design 
minimizes the risk of having differences caused by gender, age 
and personalities compared to the between-subjects design. For 
avoiding carryover effects the following measures were taken: (a) 
participants were not informed that their interpersonal distance 
was measured – this way they were unable to learn from their 
previously conducted experiments; and (b) the length of one 
communication situation was reduced to the approximately 
1 min and the length of the whole experiment to 1 h 15 min, to 
prevent the fatigue effects of becoming tired or bored. The length 
of one communication situation was derived as a result of various 
pre-pilot studies, conducted by the authors. With this length of 
1 min, both parties had sufficient time to exchange needed 
information, while allowing the observers to observe possible 
anomalies or unexpected behaviors during the communication.

The participants were given a script, informing them about 
their role and the approximate length of the communication 
situation. They had to be present in the roles of either a professor 
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or a student. The situation was assigning a homework (professor to 
student) or explaining, why their homework was not done (student 
to professor). The language used by participants was a formal but 
friendly. The verbal cues could not influence the outcomes as the 
initial distance was taken before the communication started.

The experiment data were collected by using observation 
protocols, video recordings, and a digital survey at the end of 
the experiment. Due to the pilot nature of the study, the survey 
was validated for this study. The data were anonymized already 
at the initial stage, with the coding key secured by one of the 
organizers. The videos were kept password-protected in the 
computer of one of the organizers, and on an external HDD in 
a safe. The anonymized research data was also published in the 
open research data repository of Tallinn University of 
Technology.1

The experiment was conducted by nine employees of Tallinn 
University of Technology, all part of an IT didactics research 
group called “Creativity Matters.” The researchers worked in four 
pairs. One of the members was in charge of the experiment in 
that particular room, and filled in the observation protocol. The 
other member assisted the participant who was using the 
TPR. One additional staff member supervised the 
whole experiment.

2.1. Sample

The purposive sample consisted of 18 adult persons who were 
working either at (a) Tallinn University of Technology as 
university teachers or administration workers, or (b) East Tallinn 
Central Hospital. The participants were selected among the staff 
who are going to start using telepresence robots in their respective 
organizations in 2023. The persons who had previous experience 
with telepresence robots were removed from the sample. 
Participation in the study was voluntary and participants 
confirmed being adults. There were 8 male and 10 female 
participants. The average age of participants was 43, with the 
youngest one 30 and the oldest one 69 years old. Participants were 
issued badges with unique codes upon arrival. The badge had to 
be  worn throughout the duration of the experiment. Similar 
badges were also issued to researchers in order to avoid the 
participants feeling as test subjects. The detailed description of the 
experiment is given in Appendix 1.

2.2. Procedure

2.2.1. Stage 1
At the beginning of the experiment, the participants and 

researchers gathered in the large auditorium and the participants 
were divided into pairs. A half of the pairs were formed of 

1 https://doi.org/10.48726/qredh-8dh49

participants who previously knew each other and the other half of 
the pairs consisted of participants who had not met before. Each 
of the four classrooms was manned by two pairs of participants 
and one pair of researchers. The initial forming of pairs took about 
5 min. The pairs received an initial instruction for the experiment 
(Appendix 2). The participants were not told that the experiment 
involved measuring the distance between PPPs and TMPs. The 
initial instruction took about 5 min.

2.2.2. Stage 2
In each classroom, there were: (a) a video camera on a tripod; 

(b) an observation protocol on paper; (c) a Double 3 TPR; and (d) 
a laptop computer located outside the experiment room for 
controlling the robot. The location of the TPR was predetermined. 
The initial location of the PPP in the room was at least 3 m from 
the TPR (i.e., the participant had to move closer to the TPR in 
order to engage in the discussion with the TMP). The video 
camera was placed to record the Communication Situations (CSs) 
between the PPPs and TMPs. The in-classroom researcher was 
situated near the video camera.

The pair of researchers met with two pairs of participants at the 
door of their assigned classroom. One of the members of the first 
pair remained outside the classroom with one of the researchers 
who briefly repeated the key points of the activity, the duration of 
the activity (1 min) and introduced the user interface of the TPR 
on the laptop computer. The member took control of the user 
interface and was ready for the first experiment. In the first 
experiment, the TMP took the role of a teacher. The second 
researcher entered the classroom together with the second member 
of the first pair and also shortly repeated the key points of the 
activity, the duration of the activity (1 min) and explained that the 
participant had to move to the TPR to carry out the CS (Figure 1). 

FIGURE 1

Example of a communication situation.
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After the first CS, the pair was asked to take a couple of minutes to 
prepare for the next CS where the TMP would take the role of a 
student. Next, the roles of the pair members were reversed and the 
CSs were repeated. The researchers thanked the first pair and 
repeated the experiment with the second pair, conducting the same 
activities with the same duration. The overall duration of this stage 
was about 20 min.

2.2.3. Stage 3
Next, participants and researchers gathered again in the large 

auditorium and new pairs were formed, according to the principles 
introduced during the initial instruction. The overall duration of 
this stage was about 5 min.

2.2.4. Stage 4
At Stage 4, the activities of Stage 2 were repeated with the new 

pairs. The overall duration of this stage was about 20 min.

2.2.5. Stage 5
All participants gathered in the large auditorium. The link to 

the digital survey was sent to their email addresses and they filled 
in their responses. The overall duration of this stage was 
about 10 min.

2.3. Data collection and analysis

The following data collection methods were used:

 • Video recording. During the experiment, video recordings 
were made of the CSs in order to determine the distance 
between the TPR and the PPP with the accuracy of 5 cm. 
In order to determine the distance, still frames were 
chosen, saved as pictures and from these pictures the 
distances were measured, using previously set up markers. 
The distance data were added to the digitized 
observation protocol.

 • Observation protocol (Appendix 3). An observation protocol 
was assigned to each experiment activity. Researchers made 
their observation notes onto a predesigned paper protocol 
during the experiment. These paper protocols were digitized 
after the experiment and additional data from the video 
recordings were added to this digitized protocol.

 • Post-experiment survey (Appendix 4). The survey was 
created by using the Office Forms software. The link to the 
survey was sent to participants to fill in their responses 
immediately after the experiments were finished.

The memory cards from the video cameras were collected and 
their contents saved to a dedicated cloud service folder. Similarly, 
the observation protocols were gathered, digitized and uploaded 
to the dedicated folder. All the video recordings made by 
researchers with their smartphones were collected and uploaded 
to the dedicated folder.

3. Results

In order to confirm our hypothesis (a PPP keeps social 
distance when interacting with a TMP), the communication 
distance in situations where a PPP interacted with a TMP was 
measured, with the accuracy of 5 cm. The average communication 
distance was: M = 104 cm (SD = 33.1 cm; Min = 45 cm; 
Max = 180 cm).

About 80% of PPPs chose a distance between 60 and 160 cm 
– according to Hall (1966), this is a borderline area between the 
personal and social distance. About 15% of PPPs preferred a 
shorter distance of 45 to 60 cm (Figure 2).

Although distribution of the selected communication 
distances was not strictly normal (as shown at Figure 2) we still 
consider the communication distance as a parametric variable in 
this pilot study, which allows us to use the t-test as a tool to 
compare different groups of our respondents.

3.1. Answers to the research questions

Our first research question was “Does the distance between 
a PPP and a TMP depend on the status of communicating 
parties, on their relationship, and on the gender of the party 
that chooses the distance?” To answer this question, 
we conducted a t-test, comparing the status groups (teacher vs. 
student), relationships (strangers vs. acquaintances), and the 
genders (female vs. male) of the interacting parties. The status 
and previous relationship played no role on the choice of 
communication distance (Tables 1, 2). However, there were 
remarkable gender-based differences. Male participants chose 
a shorter average distance (M = 87 cm) for communication 
with TMPs, compared to female participants (M = 115 cm); t 
(55) = 3.92; p < 0.01 (Table 3).

Our second research question was “Does the distance between 
a PPP and a TMP depend on the previous computer gaming 

FIGURE 2

Communication distances chosen by PPPs.
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experience of the party that chooses the distance?” The persons 
having previous experience with computer games chose a 
remarkably shorter communication distance (M = 97 cm) than the 
persons without such experience (M = 125 cm); t (54) = 3.24; 
p < 0.01 (Table 4).

Our third research question was “How do people evaluate the 
efficiency and pleasantness of communication with a TMP? 
Ninety percent of participants considered their experience in 
communicating with a TMP as efficient (answer choices “efficient” 
and “very efficient,” see Appendix 4), suggesting that all necessary 
information could be exchanged without obstructions. Fifty five 
percent of participants considered this communication method 
as pleasant (the answer choices “pleasant” and “very pleasant,” see 
Appendix 4). The statistical correlations between participants’ 
assessment of the efficiency and pleasantness of using telepresence 
robots is demonstrated in Table 5.

4. Discussion

In our study, most of the PPPs (about 80%) kept the 
communication distance of 60 to 160 cm when interacting with 
a TMP. According to the classification introduced by Hall (1966), 
this covers the farther end of personal distance and the nearer 
end of social distance. Our hypothesis was thus weakly 
confirmed – we had assumed that the participants would use 
social distance, but in reality, the chosen communication 
distance remained at the border area of personal and social 
distance. However, these findings also suggest that in 
communication with a TMP the distance is kept quite similarly 
to typical communication between PPPs. In other words, the 
TMP might be perceived as a “real” person, although mediated 
via technology. This finding is important, because it indicated 
that a TMP might be considered as a “normal” partner in human 
communication. In addition, the finding suggests that in 
communication with TPMs, the same cultural norms and 
customs work as those in typical human-to-human social 
communication. Assuming that these conclusions are correct 
(although they are currently based on the analysis of the choice 
of communication distance), then they need to be considered in 

spatial planning of communication between TPMs and PPPs – 
and also when developing TPRs.

We find it interesting that about one fifth of participants 
chose for a shorter distance of 40 to 60 cm when communicating 
with a TMP. In the follow-up analysis we established that these 
PPPs were all working in the hospital and thus, their choice of 
distance might have been influenced by their everyday 
communication in particular settings, with particular 
counterparts, with the hospital patients. This “anomaly” in 
preferred distances needs some further and more detailed 
investigation. Although the earlier papers on interpersonal 
distance in communication have highlighted the connection 
between the distance and the statuses of communicating parties 
or their relationships, this does not appear in communication 
between a PPP and a TMP. Although differently chosen 
communication distances could be  partially explained by the 
differences in communication distances in different cultures (e.g., 
Triandis et  al., 1965; Lomranz, 1976), other factors could 
be  responsible as well. For example, a shorter distance was 
preferred by male participants (similarly to what was indicated by 
Takayama and Pantofaru, 2009 or by van Oosterhout and Visser, 
2008) and by those with previous experience with computer 
games, suggesting that attitudes toward novel technologies could 
have influenced the spatial behavior of some of our participants 
(e.g., as indicated by Hayes and Ohrnberger, 2013 or Teo 
et al., 2015).

In the educational context, especially in the higher education 
context, our findings indicate that as people keep a communication 
distance that is comparable to far personal or close social distance 
then the robots could be  used to substitute human body in 
classrooms where similar distances (e.g., Buai Chin et al., 2017) 
are usually kept.

One of the goals of the pilot study was to test a method for 
measuring communication distance using a video and to evaluate 
its usefulness. Based on our findings we suggest that our method 
is suitable for examining spatial behavior between TPMs and 
PPPs. However, our method relied on the human researchers to 
measure and calculate the distances. In order to reduce processing 
time, machine vision and machine learning methods should 
be employed in studies with larger sample sizes.

TABLE 1 Influence of status on communication distance.

Variable T-tests; Grouping: Role (Teacher = 1/Student = 0); Group 1: 1; Group 2: 0

Mean 1 Mean 0 t-value df P Valid N 1 Valid N 0

Distance (cm) 103,0882 105,1471 −0,254503 66 0,799898 34 34

TABLE 2 Influence of previous acquaintance on communication distance.

Variable T-tests; Grouping: State of familiarity (Acquaintance = 1/Stranger = 0); Group 1: 1; Group 2: 0

Mean 1 Mean 0 t-value df p Valid N 1 Valid N 0

Distance (cm) 100,1563 107,6389 −0,928933 66 0,356309 32 36
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As a pilot study, this study has several limitations. To our 
knowledge, this study is the first one where the communication 
distance is measured in a situation where a PPP interacts with a 
TMP. As such, the study is characterized by a relatively small 
sample and by a novel method that still needs additional testing 
and development. In addition, the scripted communication 
situation was relatively simple, requiring only talking. There are 
more complex situations where it is necessary to share printed 
information, display information on the screen, and on those 
cases there is an increased need for the participants to move, 
potentially changing the measured results in distances kept during 
interaction. For future studies, we recommend involving a larger 
sample that also includes people with different attitudes and 
experience toward robotic communication aids. Besides distance, 
interpersonal orientation, the participants’ movement and 
touching need to be examined as well. If possible, studies should 
use more advanced TPRs that allow for a richer communication 
experience (e.g., body language) for all communication parties. 
Also, in our study almost a half of the participants did not 
consider TPRs as a pleasant and convenient way of communicating 
with other people. The reasons for this attitude need to 
be  understood via additional studies. From our side, as of 
December 2022, we are in the process of launching a study where 
the above-mentioned shortcomings have been addressed.

The telepresence robots are currently not used at all in 
Estonian education. Also the worldwide research on telepresence 
robots in education is limited mostly to case studies. This study 

was a part of the study development project in Taltech University 
IT Department (including also health technologies), to research 
if the IT area teachers and students could benefit from this 
technology in the future. That limited the scope to participants to 
the community that is involved in implementing the study 
development project. Also, the study was a necessary precondition 
before bringing experimentation into real teaching and learning 
settings (from the fall 2022) to understand that general proximity 
rules could be applied when designing the teaching environment 
that involves telepresence robots. Despite its potential drawbacks, 
social presence is a critical experience within networked 
environments. While increased social presence may not always 
lead to positive results, multiple studies show that vivid 
perceptions of another person often lead to greater enjoyment and 
social influence in neutral and positive contexts (e.g., Fogg and 
Tseng, 1999; Hassanein and Head, 2007). Hence, a considerable 
amount of scholarly efforts has been made to identify factors that 
increase feelings of social presence, as we  have found in the 
present paper concerning the communication distance.

Data availability statement

The datasets presented in this study can be found in online 
repositories. The names of the repository/repositories and 
accession number (s) can be found at: https://doi.org/10.48726/
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TABLE 3 Influence of gender on communication distance.

Variable T-tests; Grouping: Gender (Female = 0; Male = 1); Group 1: 0; Group 2: 1

Mean 0 Mean 1 t-value df p Valid N 
0

Valid N 
1

Std.Dev. 
0

Std.Dev. 
1

Distance (cm) 114,8438 87,29167 3,917959 54 0,000253 32 24 27,13421 24,49397

TABLE 4 Influence of previous experience with computer games on communication distance.

Variable T-tests; Grouping: Have you previously played computer games? (Yes = 1; No = 0); Group 1: 1; 
Group 2: 0

Mean 1 Mean 0 t-value df p Valid N 
1

Valid N 
0

Std.Dev. 
1

Std.Dev. 
0

Distance (cm) 96,93182 125,4167 −3,23874 54 0,002056 44 12 29,17900 15,87713

TABLE 5 Correlations between the communication efficiency and pleasantness when using telepresence robots.

Variable Marked correlations are significant at p < 0.05000 N = 56 (Casewise deletion of missing data)

Means Std.Dev. Distance (cm) Communication 
efficiency with TPRs

Pleasantness of 
using TPRs

Distance (cm) 103 29,2 1,00 −0,06 0,04

Communication efficiency 

with TPRs

4 0,6 −0,06 1,00 0,44

Pleasantness of using 

TPRs

4 0,9 0,04 0,44 1,00
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