
Effect of Height in Telepresence Robots
on the Users’ Spatial Awareness

Oliver Gawron(B) , Lisa Keller , Karsten Huffstadt, and Nicholas H. Müller

University of Applied Sciences Würzburg-Schweinfurt, Sanderheinrichsleitenweg 20,
97074 Würzburg, Germany
mail@olivergawron.com

Abstract. Since reduction of personal contact is key in fighting the
COVID-19 pandemic, remote communication solutions saw a rise in
importance. Next to the more common forms like video and audio confer-
ence calls, telepresence solutions are also becoming more popular. Telep-
resence robots can be remotely driven and allow, with the help of cameras
and displays on the robot and the users’ side, face-to-face communica-
tion with onsite personal, establishing a remote telepresence. Depending
on the model, the height of the robot can be adjusted by the remote
user. Even though the effect of the height in relation to onsite people
is being researched, the effect on the users’ side has not been examined
immensely. Therefore, this work examines the effect of the difference in
height between a telepresence robot and its user on the users’ spatial
awareness. Subjects have experienced the usage of a telepresence robot
driving at a fixed height through a video. Afterwards, they filled out a
questionnaire, which asks the user to answer questions about the expe-
rience. These questions were regarding the spatial awareness of the user
in the remote location, asking them to estimate different parts of the
tour. Their estimations were mapped to the users’ height, allowing to
correlate the difference in height and the users’ spatial awareness. The
work has shown, that only the perceived height of the telepresence robot
was affected by the difference in size. However, more tests have to be
conducted, to factor in multiple robot heights.

Keywords: Telepresence robots · Remote communication · Spatial
awareness

1 Introduction and Background

Since reduction of personal contact is key in fighting the COVID-19 pandemic,
remote communication solutions saw a rise in importance, with downloads of
video conferencing apps in march 2020 being magnitudes higher than in the
fourth quarter of 2019 [1]. Next to the more common forms like video and audio
conference calls, telepresence solutions are also becoming more popular. Telep-
resence Robots are in general movable platforms with cameras, speakers, a micro-
phone and a display. A remote user can log into the robot to control it, while
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experiencing the onsite surroundings on a computer screen. Simultaneously, the
users’ face is being projected live onto the robots screen, allowing onsite personal
to communicate with the user in a face-to-face manner, establishing a remote
telepresence.

This form of telepresence allows to be implemented in a wide variety of
fields. In teaching oriented environments like schools and universities, telep-
resence robots can be deployed to be used by lecturers and students attend-
ing classes [2,3]. Students using the robots in educational tasks have shown to
embrace teamwork more and improve in conflict management and coordination
[4]. Additionally, students motivations has shown to be positively improved when
using robots [5–7]. Groups of people can solve challenges through multiple robots
which has shown to have a positive team building effect [8]. Furthermore, the
private sector has shown an increased interest in telepresence robots being used
in personal homes [9].

Some models of telepresence robots allow the user to change the robots height
e.g. with a telescopic pole. This could theoretically allow the user to set the robots
size to match his or her own height. But not all telepresence robots feature a
changeable height or are limited to ranges that cannot perfectly represent all
humans. Additionally, the functionality might be hidden in the user interface
or come with a drawback, like a reduced speed at greater heights, which even
though available, does not encourage the user to change the height or even
knowingly change it to be smaller than himself or herself. This leads to many
telepresence users not having the telepresence robot adjusted to their seize and
thus experiencing the world on a different height than they are used to.

2 Research Question and Hypotheses

The effect of the height of telepresence robots has been subject of many studies
before. A study has showed that its size does not effect a remote instructors’
authority and a shorter than life-size robot was perceived friendlier the instruc-
tors’ students [10]. Furthermore, when used by persons in leadership roles, a
study has shown that locals found the robot user less persuasive when the robot
was smaller than himself [11]. But what effect a difference in height between the
user and the driven robot has, had not been investigated immensely. To establish
an immersive telepresence on the user side, the user should experience the same
spatial awareness, as he would being onsite. Therefore, this work investigates the
following question:

RQ1: Does the difference in height of a telepresence robot effect the users’ spatial
awareness?

Since spatial awareness is a complex construct, that cannot be measured by a
single data point, Elito’s and Czarnolewski’s “Everyday Spatial Behavioral Ques-
tionnaire” was used to split the research question in three measurable hypotheses
[12]:
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H1: The difference in height between a telepresence robot and its user does
affect the users estimation of sizes seen through the telepresence robot.

H2: The difference in height between a telepresence robot and its user does
affect the users estimation of the telepresence robots driven distance.

H3: The difference in height between a telepresence robot and its user does
affect the users estimation of the height of the telepresence robot.

3 Approach

Because the usage of telepresence robots varies heavily from user to user, a uni-
form experience could not be achieved by performing the test on actual telep-
resence robots. To generate a homogeneous experience the participants can be
exposed to, a video of the usage of a telepresence robot was used in the study.
It shows the web interface of the used telepresence robot, featuring mainly the
robot’s view of its surroundings. To allow the participants to view the video, it
was uploaded to the popular video platform YouTube.

The used telepresence robot was a Double 2 from Double Robotics. It features
a telescopic pole allowing the camera to be lifted from 119 cm up to 157 cm high.
This maximum was also the height used for the experiment, as it is closer to
the average human height, allowing the differences to the users heights to be
proportionate greater. The size of the telepresence robot did not change during
the video. Figure 1 shows a screenshot of the uploaded video.

Fig. 1. Recorded video uploaded to YouTube. The Pepper robot is visible in the dis-
tance. Link to the video: https://youtu.be/a3NxMjaAxbE

In order to have the participants estimating a driven distance, the telepres-
ence robot drove during the video through a room and a hallway, totalling a

https://youtu.be/a3NxMjaAxbE
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distance of 27.7 m. As mentioned in Sect. 1, the higher the robot, the slower its
speed. Since the telepresence robot drove at maximum height it was rather slow
and took 2 min and 5 s for this distance. During this commute, fairly common
objects like doors, chairs, fire extinguishers and a one liter Coca Cola bottle were
placed, to allow the user to get a sense of the scale of the environment.

The estimation of sizes was also a main subject of this work. To not have
the participants estimate a size previously known to them, a rather uncommon
item was needed for them to guess. The 121 cm high Pepper humanoid robot
from Softbank Robotics fits this specification and was placed on the route. Par-
ticipants can see the robot early on in the video, 20 s after it started, as the
telepresence robot approaches it until it stops in front of it. Afterwards, at sec-
ond 50, the telepresence robot turns and continues its route, with the Pepper
robot out of sight for the rest of the video. This allowed the participants to
see the Pepper robot for 30 s uninterrupted from different distances, creating a
baseline to consider their estimation about its size.

Next to the estimation of a completely unknown size, the estimation of a
relative common object was prepared. Since an adult human man is probably
seen by every participant on a daily basis, one was part of the video for its height
to be estimated. With 178 cm the person was about average for a German adult
man [13]. The person is visible between minute 1:34 and 1:50. In these 16 s,
the participant can see him from different angles and distances, allowing the
participant to estimate his size in questionnaire afterwards. Figure 2 shows the
person in the video.

Fig. 2. Cropped video frame containing the person.

The participants were asked to watch the video once and then immediately
fill out the questionnaire seen in Sect. 4.
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4 Methods

In order to examine the research questions and hypotheses (refer to Sect. 2), a
quantitative questionnaire was designed which participants filled out at the end
of the experiment. The designed questionnaire (listed below) is based on the
findings of Elitos’s and Czarnolewski’s “Everyday Spatial Behavioral Question-
naire”, which concluded, that estimating the size of a previously seen object or
estimation a distance are valid data points to measure someone’s spatial aware-
ness [12]. In addition to the questionnaire, information about the participants’
age, gender and, most importantly, their size were collected.

1. Estimate the total driven distance of the telepresence robot.
2. Estimate, how tall the white robot in the video was.
3. Estimate, how tall the person in the Video was.
4. Estimate, how tall the driven telepresence robot was.

5 Results and Analysis

Participants (N = 39) were aged 19 to 51. Moreover, 21 (53.8%) were male, 17
(43.6%) female, and 1 (2.55%) did not specify their sex. The average participant
was male, 25.85 years old (σ = 6.4) and 174,13 cm (σ = 8.4) tall.

Since every hypothesis is based on the difference in height between a telep-
resence robot and its user, each data point needed an additional. This value
was called ΔParticipantSize and was calculated by subtracting the participants’
height with the height of the telepresence robot. This concluded, that the aver-
age participant was 17,13 cm (σ = 8.4) taller than the telepresence robot. Every
participant was 0 cm to 31 cm taller than the telepresence robot.

Additionally, the estimations of the size of the Pepper robot, the size of the
human, the driven distance and the height of the telepresence robot also got
compared to the actual measured values, creating four new Δ-values. Since all
data points are metric, Pearson correlations were used to determine relationships
between the values. The used significance level was p ≤ 0.05.

Estimation of Sizes

The null hypothesis of H1 states, that the difference in height between a telepres-
ence robot and its user does not affect the users estimation of sizes seen through
the telepresence robot. To prove this, there cannot be a statistical significant cor-
relation between ΔParticipantSize and ΔPepperRobot or a statistical significant
correlation between ΔParticipantSize and ΔPerson.

The participants average guess of the height of the Pepper robot was only
7 mm smaller than the actual robot (σ = 25, 7 cm) with ΔPepperRobot ranging
from −71 cm to +39 cm. The participants average guess of the height of the
person was 1,1 cm smaller than the actual person (σ = 4 cm) with ΔPerson
ranging from −8 cm to +4 cm. This smaller standard deviation was expected, as
humans have a general knowledge on how tall other humans are.
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There is no significant correlation between the variable ΔPepperRobot and
the variable ΔParticipantSize with r = 0.061 p = 0.714. The corresponding graph
can be seen in Fig. 3.

There is a small, positive correlation between the variable ΔPerson and the
variable ΔParticipantSize with r = 0.181 p = 0.27. The corresponding graph can
be seen in Fig. 4.

As both p-values are above the significance level, the null hypothesis of H1
cannot be rejected.

Fig. 3. ΔPepperRobot and ΔParticipantSize, r = 0.061, p = 0.714

Fig. 4. ΔPerson and ΔParticipantSize, r = 0.181, p = 0.27
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Estimation of Driven Distance

The null hypothesis of H2 states, that the difference in height between a telepres-
ence robot and its user does not affect the users estimation of the telepresence
robots driven distance. To prove this, there cannot be a statistical significant
correlation between ΔParticipantSize and ΔDistance.

The participants average guess of the driven distance of the telepresence
robot was 15 m over the measured distance (σ = 43 m) with ΔDistance ranging
from −22 m to +172 m.

There is no significant correlation between the variable ΔDistance and the
variable ΔParticipantSize with r = −0.039 p = 0.816. Therefore, the null hypoth-
esis of H2 cannot be rejected. The corresponding graph can be seen in Fig. 5.

Fig. 5. ΔDistance and ΔParticipantSize, r = −0.039, p = 0.816

Estimation of the Height of the Telepresence Robot

The null hypothesis of H3 states, that the difference in height between a telep-
resence robot and its user does not affect the users estimation of the height of
the telepresence robot. To prove this, there cannot be a statistical significant
correlation between ΔParticipantSize and ΔTeleRobotHeight.

The participants average guess of the height of the telepresence robot was
−3.7 cm under the measured distance (σ = 24 cm) with ΔTeleRobotHeight rang-
ing from −57 cm to +43 cm.

A Pearson correlation was performed to test whether there was a relationship
between ΔTeleRobotHeight and ΔParticipantSize. The results of the Pearson
correlation showed that there was a significant positive relationship between
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ΔTeleRobotHeight and ΔParticipantSize, r = 0.408, p ≤ 0.01. Therefore, the
null hypothesis of H3 is rejected.

Figure 6 shows the data in addition to a regression line. This regression line
intercepts the x-axis at x = 20, meaning that participants who are 20 cm taller
than the telepresence robot, are on average more likely to guess the right telep-
resence robot height.

6 Threats to Validity

As the experiment was conducted with only one fixed height of the telepresence
robot, the results are limited to this specific height. Repeating the experiment
with a different height could lead to different results. Due to technical limitations,
the video quality was substandard. This could have influenced participants’ esti-
mations. Also, the dimensions to be estimated could be known independently
from the experiment, as participants could be familiar with the Pepper robot
and the person in the video. Additionally, participants could be familiar with
the location the video was shot, allowing them to estimate the driven distance
not only by means of the video. All participants were larger or the same height
than the used telepresence robot. Also, conducting the experiment with humans
smaller than the used telepresence robot could lead to different results. The par-
ticipants’ age was mainly between 20 and 30 years. Having the participants more
distributed between all age groups could have lead to different results.

Fig. 6. ΔTeleRobotHeight and ΔParticipantSize with regression line, r = 0.408, p =
0.01
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7 Conclusion and Outlook

The results of this study show, that the difference in size between a telepresence
robot and its user does have an effect on parts of the users’ spatial awareness. It
seems to only affect the perceived height of the telepresence robot, but not exter-
nal factors like object sizes and distances. This means, that in situations, where
the users’ perception of external sizes is key, the robots height is not a concern
and can be adjusted to fit other needs, such as an increased movement speed
at smaller heights. On the other hand, in situations, where the users’ perceived
height is more of a concern, the telepresence robots height should be adjusted
accordingly to the users’ size to have the spatial awareness least affected. The
tests concluded, that this height might be 20 cm below the participants’ size, but
as discussed in Sect. 6, this might be only true for the in the experiment used
height. This is why this topic needs more research regarding spatial awareness
at different robot heights. If those confirm our findings and create a conclu-
sive result, it could create an incentive to telepresence robot manufacturers to
empathize on the height of their product, either by asking users their size before-
hand and adjust, or by simply mentioning the effects of the height difference to
its users.
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