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Abstract—The ability to communicate emotions is essential for a
natural interaction between robots and humans because it is not
possible not to communicate. Hence, if a robot utters something,
it is likely that it would have conveyed some emotion through it.
Hence, my research was focused on finding out which of the
seven emotions -Anger, Disgust, Fear, Happiness, Sadness,
Surprise and Neutral is more readily perceptible by people and to
find the influence of embodiment of a physical robot on
recognition accuracy of the emotional tone.
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I. INTRODUCTION

Robots are increasingly used for a variety of services for
people. It can be used for doing repetitive tasks with great
consistency and efficiency. It gets interesting when robots
speak, especially pet-like robots. Pets have long been
associated with humans, there is a huge set of emotional
interaction possible with pets [1]. Toys are often modeled to
look pet-like and children love to interact with such “toybots”.
Moreover, there are studies that show autistic children are
interested by the movements made by the robots, and enjoy
interacting with these devices [2]. Research relevant to the
emotional issues [3] shows that emotional expression in speech
is a crucial issue in social interaction, and lack of it is one
major problem for people with ASD. Using robots in
learning/training is a type of strategy to avoid a contrived
learning situation such as sitting in front of a desktop computer.

Pleo robot by Innvo Labs Corporation was used for the study.
The motivation behind this study was to find whether a com-
mercial toybot like Pleo accurately conveys the intended
emotion by uttering emotional sentences. If it can, then which
of the emotions contained in sentences are perceived readily
and what is the effect of physical embodiment on the
recognition accuracy. It will be useful to further explore how a
Pleo like pet robot can be used for interacting with children
with Autism. Autism is often associated with problems in
expressing emotion. If robots like Pleo with voice embodiment
could accurately convey “an emotion”, then it can be a very
small step towards realizing a robot that can hear the monotone
voice of Autistic individuals and express it with animated

emotions or such that anyone can understand them. Moreover,
among the high functioning austistic individuals there is a trend
to rely on strategies other than facial expressions in the
recognition of emotions. [6] [7]. Hence, one significant
advantage of using Pleo for emotional recognition study is that
it has no facial expression. Thus, this study can help further
investigation into how robots can convey effective emotions to
autistic children without relying on facial expressions.

There are six basic emotions as classified across cultures by
Ekman[4] [5] . These emotions are Anger, Disgust, Fear,
Happiness, Sadness and Surprise. However, for the purpose of
the study a seventh choice of “neutral” was included, this will
help mitigate the effects of forced choice and also one's tone
can be monotonic without any emotions.

The first question is which of the seven emotions is easily
perceptible when Pleo utters it. To answer this question, a
recorded sentence in all seven emotions was embedded to Pleo
and participants were recruited to classify it. The second
question is what is the influence of physical embodiment of
Pleo on these emotions. To answer this, a virtual simulated
Pleo which can perform the same actions with same control
code was used. Thus, the real physical Pleo and the virtual Pleo
were programmed to do the same task and users were asked to
classify the emotions in both the cases. Furthermore, the users
were asked subjective questions regarding their experience
with Virtual Pleo and Physical Pleo.



II.  PratrorM AND RESOURCES

A. Voice

The researchers at the School of Psychology, Sonification
Lab of Georgia Institute of Technology helped to generate the
voice for embedding on Pleo. Four people were chosen
randomly from the lab and were asked to utter three different
sentences in seven different emotions (six basic emotions and
neutral) in a recording studio with sound-proof walls. They did
two to three trials or until they were convinced about the
emotions themselves. Out of these voices, one sentence uttered
by a North American male aged 31 was found suitable in all
the seven emotions and was the choice for embedding on to
Pleo. Noise cancellation filter cool-edit pro 2.0 version was
used to further remove noise, if any.

B. Pleo

Pleo is a commercial robot manufactured by Innvo Labs
Corporation. It has a variety of programmable motors and
Sensors.
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Pleo runs on “Life OS”. It is the complex software platform
that enables Pleo's mechanical, electronic, sensory, and Al
systems to interact, to allow Pleo to react to people and his
environment. Life OS is a collection of a number of different
resources such as sounds, motions, commands, scripts, and
properties. For this study it was necessary to program only the
motions and sound sensory system.

The build tools use the built-in Python audioop module to
process incoming WAV files into raw PCM or ADPCM
formatted USF files (UGOBE Sound File [USF] format.). The
Sound System can currently play 11k, 8-bit mono sound data.

Motions are resources that contain data on how and when to
move joints in Pleo. Internally, Life OS animates using a 3ds
Max model whose animation data we export using a custom
MaxScript. This results in a CSV file, with a special header
with some meta-information about the motion — such as frame
rate, duration, and the joints that are used. This CSV file is
processed into a UGOBE Motion File with a special Python
script.

This work was done as part of the HRI spring 2010 class project

C. Pleo PC Simulation

The Pleo MySkit software runs on the PC. It has a “P3D
performance player” which is intended for reviewing
performance skits on the PC before uploading them to PLEO
and has controls for navigating the performance -- similar to
the Windows Media player. Motion & sound are synchronized
together. It uses OpenGL for drawing a 3D PLEO preview.A
fast machine is not required. However, for simulated playback
a fast machine (800 Mhz+ CPU) with a 3D graphics card is
recommended.

Thus the same control code used to run the Pleo can be played
by the Pleo “P3D performance player” with same speed and
accuracy.

D. Pleo Programming

Pleo development Kit makes it possible to creatively interact
with Pleo on the programming level, to modify his behaviors,
tweak an animation, design a new neural network learning
algorithm and also add sound effects. MySkit Performance
Editor for PLEO helps to create custom PLEO dances &
performances. There are many features, effects, and safe-
guards to make editing easy. MySkit directly supports
initializing SD flash cards using a card reader. YAPT can be
used to define or modify the behavior logic of the personality.
YAPT does not create or modify resources like sounds or
motions, but exploits the resources from an existing
personality. The generated voice must be integrated with
suitable action so that the Pleo appears to be embedding the
voice. Mouth movements alone is not the right option. At the
same time we are not “animating” the pleo since that would
require one to design proper “animations” according to proper
principles such that it does not contribute to the noise instead
of aiding the emotion recognition and there was lack of time
for such a pursuit. Hence a neutral path for actions is adopted.
Pleo walks, closes eyes and does a tail wag, he utters the
sentence and then finally does another tail wag. He does this
for all seven emotions for the sentence.

III. ExperiMENT DESIGN

A. Hypothesis
1) Accuracy of Recognizing emotions

HO: The accuracy of recognizing any of the seven emotions
does not exceed 50%

H1: The accuracy of recognizing at least one of the seven
emotions is significantly greater.

The rationale behind choosing the 50% as hypothetical mean
was to find those only those emotions among the seven that
exhibit statistically significant accuracy recognition percentage
than mere chance.



2) Influence of Embodiment

HO: There are no differences in recognizing emotions because
of Physical Embodiment

H1: There are significant differences in recognizing the
emotions because of Physical Embodiment.

The rationale was to do an statistical analysis and compare the
recognition accuracy of the emotions (see section for
experimental analysis)

B. Experiment Design
* Independent Variables:
1. Seven Emotions
2. Two types of Embodiment (Virtual and Physical )
e Dependent Variable:

Success rate of delivery of intended emotions -
Accuracy of recognizing emotions.

e Within Subjects design for 14 participants

e Half of them encountered the Physical Pleo first and
then the Virtual Pleo while half of them, the other
way.

C. Randomization using the Latin Square

The presentation of Anger (1) Disgust(2) Fear(3) Happiness
(4) Neutral(5) Sadness(6) and Surprise (7) was randomized
using the Latin square, which is a randomized block

Seql: 1357462
Seq2:2461735
Seq3:3572146
Seq4:4615327
Seq5:5136274
Seq6:6724513
Seq7: 7243651

This sequence was further presented with Physical
embodied Pleo (Phy) and virtual Pleo (Virt) in following order
to the 14 paricipants (P1 to P14)

P1: Phy_Seq1 and Virt_Seq2
P2: Virt_Seql and Phy_Seq2
P3: Phy_Seq3 and Virt_Seq4
P4: Virt_Seq3 and Phy_Seq4

P14: Virt_Seq6 and Phy_Seq7

The rationale was to avoid doing the emotions in same order
and same embodiment sequence by any two participants.

D. Subjective Questions

A number of subjective questions were asked as a follow-up
interview and the responses were noted. Some of the questions
asked were:

Q1: Is the physical presence of Pleo engaging and watchful
than virtual agent ?

(participants were explained the meaning of words “engaging
and watchful')

Q2: Is a pet like dino robot having human voice awkward ?
Q3: Will you prefer Physical Pleo to virtual for education ?
(education for preteens through skits and role play interaction)
Q4: Can the Pleo feel his emotion ?

IV. EXPERIMENT

Participants were recruited by sending emails to specific
lists in Georgia Tech. Some of them received credits in their
respective courses for participating in this user study.

A. Characteristics
The following is population characteristics:

a) Age: Ranged from 20 to 26

b) Average is 21.5

c) Gender: 9 males and 5 females

d) Undergraduates: 10 Graduates: 4

e) 1 had “lot” of experience with Robots,
4 had “none”, rest had “little”

f) Everyone had “lot” of experience with Computers

B. Experimental Setup

The experiment was carried out at the Robotic Intelligence
Lab at Georgia Tech. The lab was set up and was quiet
without any other parallel activities. The responses were
collected on a sheet of paper in both the cases.

1) Physical Pleo

Pleo was placed at a suitable distance, such that the participant
can view it without any disturbance.



2) Virtual Pleo

The virtual pleo was presented in a laptop, with properly
adjusted sound levels and suitable distance.

In both the cases, the participants were seated in front of Pleo
and were asked to observe Pleo as it performs its walk and
utters the sentence. The participants were asked to mark the
answer on the given sheet of choices. The were told not to bias
their current choice based on their previous choice. That is,
they were told to treat each emotion independently and it was
not necessary for them to have heard all seven emotions.

Then they were asked to answer the follow-up subjective
questions.

C. Analysis

*  Raw Percentages for recognition accuracy - This will
give an overall idea regarding how emotions are
perceived in both the cases — virtual and physical

e Paired Sample t-test between Physical and Virtual
cases for the accuracy of emotion recognition. This
will provide us with answers for the influence of
embodiment.

*  One sample t-test with 50% as Hypothetical Mean.
This will provide us with those set of emotions that
are readily perceptible and those which are not in
both the cases.

e Subjective analysis. This will help us understand,
what are the other reasons for preferring Physical
Pleo over Virtual or vice-versa.

V. ResuLts AND Discussion

1) Raw Percentages for recognition accuracy:

The Figure 1 shows the distribution of raw recognition
percentages. One can see that for the emotions which are
easily recognizable (Anger, Fear, Sadness) the virtual case
performs better than the physical case. However, for the

emotions with lower percentage of recognition accuracy
(Disgust, Happiness, Surprise) the virtual case performs worse
than the physical case.
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Figure 1: Percentage Accuracy of Emotion Recognition
2) Paired Sample t-test between Physical and Virtual cases
A paired-sample t-test was performed between the recognition

accuracies of Physical and Virtual Pleos. Table I shows the
results.

TABLE L. PHysicaL PLEO vs VIRTUAL PLEO PAIRED SAMPLE T-TEST
Physical Virtual
Mean 4.07 3.86
SD 1.49 0.95
SEM 0.4 0.25
N 13 13

Intermediate values used in calculations : t = 0.5247 df = 13
standard error of difference = 0.408

P value and statistical significance: The two-tailed P value
equals 0.6086. By conventional criteria (<0.05), this difference
is considered to be not statistically significant.

Confidence interval: The mean of Physical minus Virtual
equals 0.21 and 95% confidence interval of this difference is
from -0.67 to 1.10

Thus the difference between Virtual and Physical Pleo cases
for emotion recognition accuracy is not statistically
significant.



3) One sample t-test with 50% as Hypothetical Mean

TABLE II.

Puysicar PLeo Emotion CLASSIFICATION

4) Subjective analysis

A number of questions were are asked to the participants and
some interesting answers were noted.

Q1: Is the physical presence of Pleo engaging and watchful

. Emotions with Positive Difference from mean of 50% than VlrFual agent ?
Emotion - Interesting Answers:
P-Value Difference t-value @ . .
The noise of the motors helped me pay more attention to the
Anger <.0001 42.85 6 physical”
Sadness <.0001 42.85 6 “Physical Pleo was more watchful, since I felt that we can
Fear 0.06 L0 171 reach out and touch Pleo”
“immediately drew my attention, it was like seeing a toddler
Neutral 0.15 14.28 1.08 walk, a dog play, as opposed to a screen”
Emotions with Negative Difference from mean of 50% “People care about moving-physical objects than virtual”
Some participants, just gave the answer as “agree” for physical
P-Value Difference |  t-value Pleo being more engaging, but they were not able to come up
Disgust 0.01 857 251 with reasons for justification. On prompting, their answer was
“I don't know, but it was more engaging”
Happiness | 0.06 -21.42 -1.71
Surprise 0.15 -14.28 -1.07
TABLE IV. PHYSICAL PRESENCE OF PLEO WAS ENGAGING AND WATCHFUL THAN
VIRTUAL AGENT
TABLE III. VirTuAL PLEO EMOTION CLASSIFICATION Strongly Agree 6
Emotions with Positive Difference from mean of 50%
Emotion P-Value Difference t-value Agree °
Middle 1
Anger <.0001 50 infinity -
Disagree 0
Sadness <.0001 42.85 6 Strongly Disagree 1
Fear <.0001 42.85 6
Neutral 0.3 714 0.52 There were significant number of participants who “agreed”
: : R (including strongly). Thus Physical Pleo was more engaging
Emotions with Negative Difference from mean of 50% and was liked to be watched. (12 out of 14)
P-Value Difference t-value
Disgust <0.001 3571 367 Q2: Is a pet like dino robot having human voice awkward ?
Interesting Answers:
Happiness | <0.001 -42.85 -6 “Exposed to Cartoons, always wanted animals to talk”
Surprise 0.01 -28.57 251 “Wanted to be cartoon-like, it is a baby dino”

Thus one can see that in the case of Physical Pleo, among the
emotions with positive difference from mean of 50%, only
Anger and Sadness are statistically significant, whereas in case
of Virtual Pleo Anger, Sadness and Fear are statistically
significant.

Among the emotions with negative difference from the mean
of 50%, only disgust is statistically significant for the Physical
Pleo, whereas Disgust, Happiness and Surprise are statistically
significant for the Virtual Pleo. Thus with respect to emotion
classification, the Virtual Pleo either does very good for some
emotions or does very bad for some emotions. The Physical
Pleo degrades much gracefully.

“Virtual Pleo, with human voice is fine — seen in games and
cartoon”

“It is not awkward, because it is the first voice I heard attached
to Pleo”

TABLE V. A PET LIKE DINO ROBOT HAVING HUMAN VOICE IS AWKWARD
Physical Virtual
Strongly Agree 1 0
Agree 6 2
Middle 0 5
Disagree 6 5
Strongly Disagree 1 2

The two-tailed P value equals 1.00. By conventional criteria,
this difference is considered to be not statistically significant.
Hence there is no significant difference in preference of voice.




Q3: Will you prefer Physical Pleo to virtual for education ?
(education for preteens through skits and role play interaction)
Interesting Answers:

“It is too distracting to Play with a toy and listen to it, as a
teacher”

“Virtual feels like mere recording, the physical pleo gives the
feeling that someone is talking to you”

“It is more fun and cool, and it will attract children to spend
more time with it

TABLE VI I wiLL PREFER PHYSICAL PLEO TO VIRTUAL FOR EDUCATION
Strongly Agree 8
Agree 5
Middle 0
Disagree 1
Strongly Disagree 0

There were significant number of participants who “agreed”
(including strongly) over preference of Physical Pleo for
education (13 out of 14)

Q4: Can the Pleo feel his emotion ?

Interesting Answers:

“It is in laptop, everything a computer does look programmed,
but this is a physical thing”

“Physical Pleo seemed like it embedded the voice, where as in
virtual it looked disconnected”

“On Computer I know it is just a piece of code running”
“Physical Pleo may have some sensors”

TABLE VIL PLEO CAN FEEL HIS EMOTION
Physical Virtual
Strongly Agree 0 0
Agree 4 2
Middle 6 3
Disagree 2 6
Strongly Disagree 2 3

The two-tailed P value equals 1.00. By conventional criteria,
this difference between physical and virtual cases is considered
to be not statistically significant.

VI. ConcLusioN

Although, from the study there was no statistical significant
improvement of recognition accuracy of emotional tone. The
subjective analysis showed users enjoyed to interact more with
the Physical Pleo. This cannot be solely attributed to the
novelty effect of the robots. The follow-up questions show that
people are more attracted to “moving things” rather than
something confined to a monitor, they like to see the real
movements of the robot (the sound of limb movements) and is

more captivating. Of course, there are huge number of
differences between the the physical and the Virtual Pleo and
this study by no means is exhaustive enough to find what
difference between the Virtual and Physical Pleos will
contribute to its more engaging presence. Some participants,
just gave the answer as “agree” for Physical Pleo being more
engaging, but there were not able to come up with reasons for
justification.

Analysis for emotion recognition shows us that for the Physical
Pleo, the accuracy of recognizing anger and sadness exceeds
50% and is statistically significant. For the Virtual Pleo, the
accuracy of recognizing anger, fear and sadness exceeds 50%
and is statistically significant. For the Physical Pleo, the
accuracy of recognizing disgust does not exceed 50% and is
statistically significant. For the Virtual Pleo, the accuracy of
recognizing disgust, happiness and surprise does not Exceed
50% and is statistically significant.

From paired samples t-test, it fails to reject that there are no
differences in recognizing emotions because of Physical
Embodiment.

This pilot study just sheds light on possible approaches for
embedding emotional voices on toybots like Pleo and how it is
perceived by people. In future, this work with additional
implementation with respect to voice and interaction can be
extended to analyze how it is perceived by children with ASD.
This is particularly exciting since it is known that children with
ASD have difficulty in understanding facial expressions [6] [7],
but Pleo conveys emotions without any expression.

Thus, the future direction would be to identify a population
with ASD for which interaction with Pleo can be useful.
Determine the accuracy of recognizing emotions maybe aid it
with music [8]

Use subjective measures to find out, which kind of voice is
preferred (older kid voice, male or female,cartoon). Find
number of trials to recognize and time of recognizing emotions.
Identify strategies like - auditory cues, rhythmic clapping, to
aid emotion recognition. Identify music - to facilitate
transitions, to facilitate listening as previous studies shows it
can very useful intervention for children with autism [8]. One
could even come with a game design for intervention. This
study was very exiting and useful.
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