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Abstract. In this paper authors describe a new approach to analysis of user experience in interacting with a humanoid robot Pepper.
The designers and engineers of humanoid robots struggle to make the
robots appear friendly and welcoming – not only to surpass the so-called
Uncanny Valley, but also to make the human-machine interaction consistent and comfortable. The paper includes description of an experiment involving humanoid robot Pepper and human volunteers in a form
of a short verbal interaction. The result of the experiment consists not
only of a questionnaire, but also other parameters measured and calculated by a robot, inter alia the time of the eye contact. The authors
evaluate the correlation between the time of eye contact and the overall
opinion of volunteers.
Keywords: Pepper robot · Robot · Humanoid
HMI · Eye contact · User experience
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· Uncanny valley

Introduction

The genesis of robots dates back to the ancient China [1]. Robots, especially those
that resembled animals and humans, were built to fulﬁll a speciﬁc movement,
behavior or function. Some of them were built to write, others to play music.
Robots that resemble humans are nowadays called humanoids, whilst robots
that appear nearly impossible to distinguish from a human, are called androids.
In this paper, authors will focus on a speciﬁc humanoid robot, named Pepper.
Pepper is a humanoid robot introduced in 2014 by Aldebaran Robotics (now
SoftBank Robotics) [2]. It is designed to make contact with a human as natural
as possible [3]. Pepper’s purpose is said to enhance people’s lives and “to make
people happy” [4]. It is able to localize a person talking to it, distinguish multiple
faces, determine eye contact or even recognize and react to basic emotions of the
person it is talking with. Voice-based human localization is possible due to four
directional microphones installed inside Pepper’s head.
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Pepper is able to recognize someone’s emotion not only by voice, but also
by parameterizing facial expressions of interlocutors by using machine vision.
Pepper has two RGB HD cameras: one in the “mouth”, and the other one on
its forehead – seen as a black dot. The robot is also equipped with a threedimensional Asus XTION depth sensor [5], installed inside one of its eyes. Also
other, more physical, interactions with Pepper can be made – its design includes
three touch sensor regions on Pepper’s head and two more on its hands. A touchcapable display (tablet) is located on its chest, and it can also be easily used as
one of the means of communication in the overall Human-Machine Interaction
(HMI) system. The tablet supports showing images and other media content on
its 10.1-inch display, as well as the ability for human to interact (e.g. by choosing
some options, pressing virtual buttons).
The robot itself can actively interact with human not only by generating voice
(using its built-in text-to-speech engine) or by showing content and options on
the tablet, but also by using gestures. Pepper’s body design includes twenty
motors and three omnidirectional wheels that enable wide range of movement
for the robot. It has a built-in anti-collision system to detect people and obstacles
in its way to reduce the risk of collisions. Pepper is able to maintain its balance
using its inertial unit, including 3D gyroscope and 3D accelerometer.

2

Programming Pepper

Pepper can acquire new functionalities by implementing packages for the NAOqi
Operating System preinstalled in the robot. Programming Pepper can be performed in two ways: by using graphical interface (see Fig. 1) and/or in Python
programming language (Fig. 2).
Using the Choregraphe environment, a simple background module application was implemented in order to evaluate time interval of eye contact as well
as to “remember” the identity of a particular interlocutor. The application is
presented brieﬂy in following chapters.
The Choregraphe environment, presented in Fig. 1, oﬀers the possibility to
design, implement and run custom packages/applications (behaviors, interactions) using a simulator or a physical robot. The center part of the Choregraphe’s interface is used for graphical programming of the robot? by putting
speciﬁc action blocks and connecting their inputs and outputs. On the bottom
left there are ready-to-use preprogrammed blocks for speciﬁc movements or sensors of the robot. Right side of the interface includes simulator view of the current
robot pose/movement and a memory window for viewing values of shared variables. Designing a simple package/application for a robot is fairly easy, but for
advanced (non-trivial) functionalities, behaviors and algorithms, developer has
to use Python programming language. This can be done in two ways: either
by modifying the underlying Python code of any of the preprogrammed blocks
(double-clicking a block brings up a simple script editor – Fig. 2) or by using any
external IDE (integrated development environment).
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Fig. 1. The Choregraphe – GUI for graphical programming of a robot

Fig. 2. Programming a robot in Python
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Parameterizing User Experience – Testing Method

Pepper’s NAOqi Application Programming Interface (API) includes a wide variety of preprogrammed modules and methods so that programming Pepper’s
behavior would be easier and the interaction would include more complex actions
and responses. One of the modules useful for eﬃcient and seamless user interaction and experience is the PeoplePerception module, which enables the possibility to detect and recognize faces. The PeoplePerception module includes the
ALGazeAnalysis API, which oﬀers special events that are being triggered whenever a human (present in the robot’s ﬁeld of vision) starts or stops looking at
the robot. These events (ALGazeAnalysis/PersonStartsLookingAtRobot() and
ALGazeAnalysis/ PersonStopsLookingAtRobot()) were used. Figure 3 presents
the diagram view of a simple Choregraphe application implemented for the
research.

Fig. 3. The application for detection and measurement of eye contact duration (one
“Take Picture” block and three custom Python blocks)

The application was conﬁgured to be executed automatically upon booting the robot, and then to continue to run in the background, regardless of
other applications and behaviors. The very ﬁrst block of the application, labeled
“Insert Data”, initializes shared memory resources and variables, using the
ALMemory module. It is being triggered only once, when the robot’s operating
system triggers the “onStart” Input, indicating the successfully ﬁnished bootup
sequence of the robot. Below the “input” icon (with black “play” triangle) there
are three icons with a wave drawing. These represent events. In ﬁrst attempts,
authors had tried to use ALBasicAwareness/HumanTracked event, but it turned
out that the robot was able to detect a human far before it was possible to distinguish who the person was. For this reason this event is not being used in
the current version. The second event, visible in the Fig. 3, is the ALGazeAnalysis/ PersonStartsLookingAtRobot event [6]. It triggers the “startslooking” block,
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containing code for saving face ID number (called id humana) in a shared memory variable, as well as the exact time when that person engaged the eye contact
with the robot. After that, Pepper takes a picture containing the face of the
person. Photos are taken only for the purpose of linking a particular person
and their ID number. The photo is then saved as *.jpg ﬁle with the person’s
ID used as a ﬁle name. The resolution of the photo is 640 × 480 pixels. The
third event, ALGazeAnalysis/PersonStopsLookingAtRobot, triggers the “stopslooking” block, which also checks the system time and calculates milliseconds
between engaging the eye contact and its loss, and the time in milliseconds is
saved into a text ﬁle with corresponding ID.
After the interaction with Pepper, the person is being interviewed or completes a survey. The survey includes several questions, presented below:
1.
2.
3.
4.
5.
6.
7.

What is your age and gender?
How often do you use internet?
What is your ﬁrst impression of communication with (this) robot?
Do you think (this) robot would be useful as a companion?
What makes (this) robot trustworthy?
What makes you comfortable/uncomfortable in interaction with (this) robot?
How do you feel about (the) robot looking at you? Does the eye contact make
you feel uncomfortable?

The results of the completed tests and the survey are presented and commented in the next chapter.

4

Procedure and Quantitative Study

The application was active for 23 days of Pepper’s “everyday life”. During this
period, Pepper interacted 763 times (over 95% of interactions took place in 10 of
those 23 days). The authors did not interfere with the interaction between Pepper
and any of the interlocutors – neither the content of nor quality of interaction,
not to alter the user experience. Nearly half of the photos were blurry and it
was not easy to recognize who (or which) was the interlocutor. However, most of
the photos were sharp and authors were able to recognize the person, talk with
them and complete the survey.
All of the people that interacted with Pepper and completed the survey are
familiar to technology – they use internet daily. Their age ranges from 24 to 56
years (with median value at 29).
The graph below (Fig. 4) presents the eye contact duration time data
collected by Pepper, only for those interlocutors who agreed for the interview/survey, sorted ascending. The graph is followed by visualizations of the
survey answers regarding the overall user experience of the interaction and robot
(Figs. 6, 7, 8, 9 and 10).
Figure 4 clearly shows, that there are more of the shorter duration recorded
than longer, however it might be surprising that the shortest one was 1630 ms
and that there is no shorter one. It seems to be intuitive that the graph should
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Fig. 4. Eye contact duration time data

Fig. 5. Eye contact duration time data, grouped in ranges

start with one-frame (1/30 s) “saccades”, than longer “glances”, and ﬁnally eye
contact measured in more than 1000 ms. The reason for not recording anything
shorter than 1630 ms may be limitations of the proposed methodology – indeed
there were a lot of shorter duration times, but there was no readable image
corresponding to those recordings. The authors’ interpretation for this is that
the ALGazeAnalysis library may require some time to detect and report an event
of a person actually looking at the robot.
Graph below (Fig. 5) shows eye contact duration grouped in ranges – for
better interpretation of the graph shown in Fig. 4.
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Fig. 6. Answers to the “ﬁrst impression” question in questionnaire

Keeping in mind that the ﬁrst bar (“under 3 s”) of the Fig. 5 should be
higher, the graph shows similar tendency – shorter duration. However, the last
bar seems to be an exception – it is longer than the preceding one. This can also
be seen in the Fig. 4 – there are some results which seem to stand out, which
seem to form a group of instances, the are surely not incidental. The authors
have investigated this issue and the explanation has been found – the robot’s
active “foreground” application for interacting with human involved a possibility
of telling jokes, and the longest eye contact duration (Fig. 4) were similar to the
duration of the jokes. It is also an interesting ﬁnding, that people (at least some
of them) can establish longer eye contact with the humanoid and they do not
look away for any reason.
The ﬁgures below present the information collected during the interview
(and/or using the questionnaire). The ﬁrst graph (Fig. 6) presents answers for
question regarding interlocutor’s ﬁrst impression of the robot as well as its
appearance/behavior (before ﬁrst interaction). The answers were quantized and
grouped to be represented as single adjectives.
As seen in the Fig. 6, most of the people said, that either they were fascinated
about the robot or they consider it to be a modern technology. It can only prove
that people nowadays are not afraid of robots and that the society becomes
ready for a true coexistence of robots in our lives. The terms “modern” and
“fascinated” are undoubtedly positive expressions, which gives a hint on how
to improve future robots to be even more advanced (modern and fascinating).
Other answers, such as “surprised”, “sympathetic” and “functional”, are also
positive, which also proves the point.
The next graph – shown in Fig. 7 – presents answers to a question if the
robot would be useful as a companion. This question was asked to see, if today’s
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Fig. 7. Answers for a question if robot will be useful as a companion

society would ﬁnd a humanoid robot trustworthy, and thus it could be treated
as a companion.
In Fig. 7, ﬁrst bar is signiﬁcantly lower than the rest of the answers. Most of
the answers were yes and deﬁnitely yes, which can be seen in the right side of
the graph. The results can lead to a conclusion that most of the people have a
positive opinion about robot being a companion.
Figure 8 presents answers for question “what makes (this) robot trustworthy?” Most of the people in today’s society see robots as modern appliances or
gadgets for not-everyday use. However, some of the people can be interested if
such a machine would be safe to work with.
Answers for the question “what makes (this) robot trustworthy” can be interpreted that the design and human-like movement were the elements of a robot
that made people more trusting the robot. However, there were some individuals
that appreciated more the state-of-the-art interaction algorithms presented by
the Pepper running interaction software implemented by the Weegree company.
The next graph, shown in Fig. 9, presents the answers to the question: what
makes you feel uncomfortable in interacting with (the) robot. The reality and
the experience of working with people and with humanoids give the following
conclusion: the society (especially the oldest and the youngest parts of society)
seem to be afraid of humanoid robots. Educators who work with both robots
and children say that there are some incidents in which the little children may
become a threat to robot – it has been also observed and analyzed in literature
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Fig. 8. Answers for the question “what makes (this) robot trustworthy?”

Fig. 9. What makes you feel uncomfortable in interacting with (the) robot?

[7]. Some adults though feel uncomfortable regarding the construction of the
robot, or its way of generating speech. Those factors may be caused by the
Uncanny Valley eﬀect – on both sides of the valley – either too robotic or too
real.
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As seen in the graph above (Fig. 9), people gave (only) four answers to the
question. The smallest group of the interlocutors said that the robot is not
versatile, or universal. People said that this made them a little bit confused and
uncomfortable to work with a robot, because Pepper – for example – is not able
to hold anything heavy in its hands properly. It limits the usage of the robot
and people have noticed that.
Two answers were said almost by the same number of people: “fear of novelty” and “construction of a robot”. As authors said before, modern technology,
or to put it in another way, novelty may be a reason for some people to feel
uncomfortable when dealing with a robot. When it comes to the “construction”
answer – humanoid movement, gesticulation, simulated facial expressions, etc.
is in a way similar for the people when they say they feel uncomfortable in
interactions with a robot.
The reason of the most uncomfortable situation when interacting with a
robot was speech. Many people were not familiar with how Pepper was talking
– high-pitched, robotic and loud voice inﬂuenced the overall user experience.
The last chart, presented in Fig. 10, reveals the answers to the key question:
“does the eye contact make you feel uncomfortable?”. It should be noticed, that
especially for those interlocutors who think that the modern technology makes
them feel uneasy and uncomfortable, asking question “does the eye contact make
you feel uncomfortable” might imply the suggestion for the answer for it, such
as yes or probably yes.

Fig. 10. Graph shows answers for a question: does the eye contact make you uncomfortable?
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The authors’ main research goal was to determine the reasons and population
parameters of those individuals that have lower user experience due to the robot’s
eye contact. However, there was not a single answer to ﬁt this view. In the Fig. 10
it can clearly be seen, that all of the answers were more or less disagreeing
with the “suggested” answer. Even though most of the people were not fully
comfortable with the construction or speech, such an aspect as the eye contact
was not fundamental in making tester feel uncomfortable.
Overall conclusions of the graphs above are discussed in chapter conclusion
and future work.

5

Conclusion and Future Work

In this paper authors have described signiﬁcant aspects of user experience when
interacting with a robot as well as its capabilities and advantages. Testing procedure, application and questionnaire were developed and discussed.
In the chapter Procedure and quantitative study authors included graphs presenting the data acquired during test procedure. It can be clearly seen (Fig. 5.),
that the eye contact duration time may vary from person to person, but most
of the people looked into Pepper’s eyes between three and ﬁve seconds.
There were few questions asked in questionnaire before the ﬁnal question (if
eye contact makes them uncomfortable) was asked. It was done so for better
conclusion to give as well as to get the background information before a person
notices the point of the research. Answers for question about ﬁrst impression
(Fig. 6) show that the majority of people were impressed with modern technology
and were fascinated about this. These answers show that young people look at
the technology of modern devices, and that they are not overwhelmed by the
functionality or behavior of the robot.
Figure 7 presents answers to the question if the robot would be useful as a
companion. Most of the people would like to have a companion such as Pepper.
Another two graphs (Figs. 8 and 9) present answers to questions: “what makes
robot trustworthy” and “what makes you feel uncomfortable”. Unexpectedly,
most of the answers for the ﬁrst question were about humanoid movement capabilities and its design, and regarding the second question: speech and voice pitch
were the main factors making testers feel uncomfortable. Because the age range
of testers was between 24 to 56 years old, so those people are expected to be used
to modern technology. In future studies, age range of people will be signiﬁcantly
expanded.
When asked if eye contact makes them uncomfortable, all the answers were
“no” or “probably not”. When authors were completing the questionnaires
together with testers during interviews, most of those people said, that eye contact is not disturbing them at all. Furthermore, testers said that the eye contact
is crucial to be able to fully experience human-like level of interaction, and that
it signiﬁcantly inﬂuences overall user experience of the robot.
Concluding, the eye contact was not making people feel uncomfortable or
anxious in any way.
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Future work will relate to human-robot interaction, including comparative
study of human reactions to various AI engines installed on the same robotic
platform, as well as non-verbal communication reinforcement by using contextaware gestures.
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