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ABSTRACT

Adapting behaviors based on others’ reactions is a fundamental
skill for a social robot that must interact with people. In this work,
we to develop a systematic method to collect ecologically plausible
data of human reactions to robot behaviors and associated valence.
We designed a dyadic interaction were 24 participants played a
board game in a human-robot team for a chance to win a chocolate.
The "Grumpy robot” is responsible for losing an easy-to-win game,
while the "Kind robot” for winning a seemingly impossible-to-win
game. Questionnaires show that participants recognize both robots’
critical impact on the game’s outcome, but show similar social
attraction towards both. Videos’ reactions are distinct: smiles and
neutral faces to the “Kind robot”, and laughter, confusion, or shock
to the "Grumpy robot”. Collected data will be used to teach the
robot to understand human reactions.
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1 INTRODUCTION

Mutual knowledge of how one’s behaviors impact others leads
to the maintenance of social order [15]. Humans usually share
this knowledge through facial expressions, body movements, and
sounds. More than representing a state of mind, they actively regu-
late others’ behaviors. Studies argue humans perceive and use them
to act as young as 12 months old [16]. Following these ideas, we
believe a social robot capable of adaptation and evolution should
recognize humans’ natural feedback to its actions [3, 11].
However, to develop such a system, researchers need rich datasets
of ecologically plausible human reactions and self-reported feed-
back. Current datasets of expressions [8, 12, 13, 17, 18] do not
contain human self-reports and reactions to robot actions. Other
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Figure 1: Human-robot team ready for the challenge.

systems gathered laughter reactions to a comedian robot’s jokes
[4]. Although several works regarding human-robot expressions
exist[7], we did not find any works or available datasets with reac-
tions and self reports to robot constructive/destructive behaviors.

Thus, given the lack of data and ways to extract it, we performed
a study to test a novel interaction paradigm to elicit human re-
sponses. We use traditional HRI methods (audiovisual recordings
and surveys).

2 METHODOLOGY & STUDY

The interaction paradigm consists of a robot that acts in two distinct
ways: (i) helps the participant to achieve an otherwise impossible
goal; or (ii) destroy the participant’s progress toward an easy goal.
We expect these actions to elicit feelings of frustration/appreciation
of the participants. By assigning a (i) Kind (supportive, team player)
or (ii) Grumpy (selfish, disdainful) personality to the robot and
giving a prize, we intend people’s feelings to be strong enough for
them to react to the robot.

We test the interaction paradigm through a dyadic between-
subjects design study where a human-robot team plays a cognitive
board game for the chance of winning a bar of chocolate. The Vizzy
robot [14] is left alone in a closed room with the participant (Fig. 1).
We use a board game with 14 hexagonal prism blocks detected with
computer vision methods. A laptop tracks the game state in real-
time and provides audiovisual feedback to the team. The interaction
consists of three phases:


https://doi.org/10.1145/3371382.3378259

HRI 2020 - Late Breaking Reports, 23 - 26 March, 2020, Cambridge, UK

Preparation phase: the participant has 30 seconds to collect scat-
tered blocks in the room (a total of 14). The robot tracks time and
alerts the participant to go back when time is running out.

Game phase: the participant has to stack blocks according to the
total number of faces with a written word, per block. The board
has four areas (5, 6, 7, and 8), and thus, the number of faces with
words varies between 5 and 8 per block. The team loses points with
time and wins/loses 100 points per correct/incorrect block. One can
fetch forgotten blocks, but time does not stop. It is impossible to
win with less than 11 blocks.

Validation phase: the block construction must remain stable for
1 minute, or the team loses.

The “Kind Robot” makes the person win a seemingly lost game
while the “Grumpy Robot” makes the person lose an easy-to-win
game (with a critical action). For each condition, we manipulate
the game by scattering the blocks differently before starting the
experiment:

Kind: 10 blocks on the tables (easy to see) and 3 blocks on a white-
board (on the left of Fig. 1). The 3 blocks are visible, but we use atten-
tion tricks to make them stay unnoticed: block height [5], cognitive
overloading (timed task) [6], and lack of saliency [9]. Nonetheless,
if the participant gets them, the robot becomes “Grumpy”.
Grumpy - 13 blocks on the tables (easy to see).

The 14 block is above the whiteboard for both cases and is hard
to see. The critical actions were:

Kind robot critical action: the participant puts their last block
and notices that it is not possible to win. The robot looks around
and points at the missing blocks. With them, they can win.

Grumpy robot critical action: the participant has enough points
to win and proceeds to the validation phase. The robot points at
the 14 block, mocks the participant, and clumsily knocks down
all the blocks. The team loses and the robot blames the participant.

Next, participants rated the robot’s behavior (1-bad to 4-good)
and answered if their score was enough to win the game before
and after the validation phase (error check). Then, they answered
to the following items (rated from 1 to 6): (i) ‘T would be able to
win the prize if the robot was not present”, (i) items on perceived
likeability from [2], (iii) items propose by [10] for Social attraction,
and (iv) the “Inclusion of Other in the Self (I0S) Scale” [1]. Everyone
received the prize. We recruited 24 naive participants on campus
and online (page = 21.54, oage = 2.93, 15 male, 9 female, nyinq = 14,
Ngrumpy = 10) .

3 RESULTS

There were 6 participants whose responses to the error check ques-
tions were unexpected. 5 participants on the “Kind robot” condition
did not follow the rules. In a "Grumpy robot” experiment, the robot
failed to knock down the blocks. Hence, we excluded these sam-
ples, resulting in 9 participants per condition. A summary of the
questionnaire results is shown in Fig. 2.

We tested the data for normality with the Shapiro-Wilk test,
using parametric tests for data that does not violate the normality
condition. Every "Kind robot” participant rated the robot’s behavior
with the maximum value (4). For the "Grumpy robot” it had the
following descriptive statistics: pigrumpy = 2.67, Ogrumpy = 1.23.
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Figure 2: Questionnaire results.

Given the null ¢ of "Kind robot” data, we used the One-Sample
Wilcoxon Signed Rank Test, with significant results. However, the
positive rating for the >Grumpy robot” was a surprise. A Mann-
Whitney U for “winning without the robot” (uying = 2.44, Okind =
1.81, and Hgrumpy = 5.11, Ogrumpy = 1.17) showed that the robot’s
impact on the game was understood. We averaged the items for
perceived likeability (¢ = 0.91, piging = 5-49, Okind = 0.49, and
Hgrumpy = 3.71, Ogrumpy = 0.99) and performed an Independent
samples t-test that showed significant differences. We also averaged
social attraction items (¢ = 0.94, pyind = 4.59, Oking = 1.51, and
Hgrumpy = 4.25, Ogrumpy = 1.52), and an Independent samples t-
test showed no significant differences. Finally, we did not obtain
significant differences in the IOS scale (pying = 3.78, oking = 0.83,
and fgrumpy = 3.44, Ogrumpy = 1.33) with a Mann-Whitney U test.
In qualitative video analysis, we could identify less expressive
reactions to the “Kind robot” with smiles, neutral expressions, and
acknowledgment gestures. Reactions to “Grumpy robot” were more
extreme, with laughter, shocked faces, and perplexed hand gestures.

4 CONCLUSIONS AND FUTURE WORK

Results showed us that people recognized the robot’s role in win-
ning/losing the game and that >Grumpy robot” was less likable
than the "Kind robot”, as expected and desired. Videos also showed
some expected behaviors in both conditions. However, people rated
the "Grumpy robot’s” behavior higher than expected, with positive
(> 2) median and mean values. Social attraction, IOS, and videos
suggest that, somehow, many people enjoyed the interaction with
the "Grumpy robot”. We guess that "Grumpy robot’s” unexpected
ill manners are more characteristic of humans than robots, and that
might charm people. We intend to verify and devise strategies to
mitigate this effect (like having a better prize). Finally, we aim to
extract and analyze features from the audiovisual data.

ACKNOWLEDGMENTS

Would like to acknowledge the support from Daniela Cunha, Plinio Moreno, Barbara
Teixeira, and all those who recruited people for this experiment. This work was
supported by FCT [UID/EEA/50009/2019] and [SFRH/BD/133098/2017].

COMPLIANCE WITH ETHICAL STANDARDS

Conflict of interest No conflict of interest declared.
Informed consent All participants agreed to take part in this study and signed the
informed consent.



Collecting social signals in constructive and destructive events during human-robot collaborative tasks HRI 2020 - Late Breaking Reports, 23 - 26 March, 2020, Cambridge, UK

REFERENCES [10] Kwan Min Lee, Wei Peng, Seung-A Jin, and Chang Yan. 2006. Can Robots Manifest
[1] Arthur Aron, Elaine N. Aron, and Danny Smollan. 1992. Inclusion of Other in Per. sona'lity?: An Ergpirical Test of Personalit'y Recognition, Social R_CSP9“565’
the Self Scale and the structure of interpersonal closeness. Journal of Personality and Social Presence in Human-Robot Interaction. journal of Communication 56,

and Social Psychology 63, 4 (1992), 596-612. https://doi.org/10.1037/0022-3514. 4 (nov 2006), 754-772. https://doi.org/10.1111/j.1460-2466.2006.00318 x
63.4.596 [11] Guangliang Li, Randy Gomez, Keisuke Nakamura, and Bo He. 2019. Human-

[2] Christoph Bartneck, Dana Kuli¢, Elizabeth Croft, and Susana Zoghbi. 2008. Mea- Centered Reinforcement Learning: A Survey. IEEE Transactions on Human-
surement Instruments for the Anthropomorphism, Animacy, Likeability, Per- Machine Systems 49, 4 (aug 2019), 337-349. https://doi.org/10.1109/thms.2019.
ceived Intelligence, and Perceived Safety of Robots. International Journal of Social 2912447
Robotics 1, 1 (nov 2008), 71-81. https://doi.org/10.1007/s12369-008-0001-3 [12] Patrick Lucey, Jeffrey F. Cohn, Takeo Kanade, Jason Saragih, Zara Ambadar, and

[3] Joost Broekens. [n. d.]. Emotion and Reinforcement: Affective Facial Expressions lain Matthewsx 2010: The Exter}ded Co}_m-Kanade Dataset (CK+): A complete
Facilitate Robot Learning. In Artifical Intelligence for Human Computing. Springer dataset for action unit and emotion-specified expression. In 2010 IEEE Computer
Berlin Heidelberg, 113-132. https://doi.org/10.1007/978-3-540-72348-6_6 Society Conference on Computer Vision and Pattern Recognition - Workshops. IEEE.

[4] Laurence Devillers, Sophie Rosset, Guillaume Dubuisson Duplessis, Mohamed A. https://doi.org/10.1109/cvprw.2010.5543262
Sehili, Lucile Bechade, Agnes Delaborde, Clement Gossart, Vincent Letard, Fan [13] Mohammad Mavadati, Peyten Sanger, and Mohammad H. Mahoor. 2016. Extended
Yang, Yucel Yemez, Bekir B. Turker, Metin Sezgin, Kevin El Haddad, Stephane DISFA Dataset: Investigating Posed and Spontaneous Facial Expressions. In 2016
Dupont, Daniel Luzzati, Yannick Esteve, Emer Gilmartin, and Nick Campbell. IEEE Conference on Computer Vision and Pattern Recognition Workshops (CVPRW).
2015. Multimodal data collection of human-robot humorous interactions in IEEE. https://doi.org/10.1109/cvprw.2016.182
the Joker project. In 2015 International Conference on Affective Computing and [14] Plinio Moreno, Ricardo Nunes, Rui Figueiredo, Ricardo Ferreira, Alexandre
Intelligent Interaction (ACII). IEEE. https://doi.org/10.1109/acii.2015.7344594 Bernardino, José Santos-Victor, Ricardo Beira, Luis Vargas, Duarte Aragao, and

[5] Claus Ebster and Marion Garaus. 2011. Store Design and Visual Merchandising: Miguel Aragao. 2015. Vizzy: A Humanoid on Wheels for Assistive Robotics. In
Creating Store Space That Encourages Buying. Business Expert Press. https: Advances in Intelligent Systems and Computing. Springer International Publishing,
//doi.org/10.4128/9781606490952 17-28. https://doi.org/10.1007/978-3-319-27146-0_2

[6] Anne Edland and Ola Svenson. 1993. Judgment and Decision Making Under Time [15] Brian Skyrms. 2014. Social Dynamics. Oxford University Press. https://doi.org/

10.1093/acprof:0s0/9780199652822.001.0001
[16] James F. Sorce, Robert N. Emde, Joseph J. Campos, and Mary D. Klinnert. 1985.
[7] Kerstin Fischer, Malte Jung, Lars Christian Jensen, and Maria Vanessa aus der Maternal emotional signaling: Its effect on the visual cliff behavior of 1-year-olds.
Wieschen. 2019. Emotion Expression in HRI — When and Why. In 2019 14th Developmental Psychology 21, 1 (1985), 195-200. https://doi.org/10.1037/0012-
ACMY/IEEE International Conference on Human-Robot Interaction (HRI). IEEE. https: 1649.21.1.195
//doi.org/10.1109/hri.2019.8673078 [17] Michel Valstar and Maja Pantic. 2010. Induced disgust, happiness and surprise:
[8] Ralph Gross, lain Matthews, Jeffrey Cohn, Takeo Kanade, and Simon Baker. 2010. an addition to the mmi facial expression database. In Proc. 3rd Intern. Workshop
Multi-PIE. Image and Vision Computing 28, 5 (2010), 807 — 813. https://doi.org/ on EMOTION (satellite of LREC): Corpora for Research on Emotion and Affect. Paris,

Pressure. In Time Pressure and Stress in Human Judgment and Decision Making.
Springer US, 27-40. https://doi.org/10.1007/978-1-4757-6846-6_2

10.1016/j.imavis.2009.08.002 Best of Automatic Face and Gesture Recognition France, 65.
2008. [18] Xing Zhang, Lijun Yin, Jeffrey F. Cohn, Shaun Canavan, Michael Reale, Andy
[9] Laurent Itti and Christof Koch. 2001. Computational modelling of visual attention. Horowitz, Peng Liu, and Jeffrey M. Girard. 2014. BP4D-Spontaneous: a high-

Nature Reviews Neuroscience 2, 3 (mar 2001), 194-203. https://doi.org/10.1038/
35058500

resolution spontaneous 3D dynamic facial expression database. Image and Vision
Computing 32, 10 (2014), 692 — 706. https://doi.org/10.1016/j.imavis.2014.06.002
Best of Automatic Face and Gesture Recognition 2013.


https://doi.org/10.1037/0022-3514.63.4.596
https://doi.org/10.1037/0022-3514.63.4.596
https://doi.org/10.1007/s12369-008-0001-3
https://doi.org/10.1007/978-3-540-72348-6_6
https://doi.org/10.1109/acii.2015.7344594
https://doi.org/10.4128/9781606490952
https://doi.org/10.4128/9781606490952
https://doi.org/10.1007/978-1-4757-6846-6_2
https://doi.org/10.1109/hri.2019.8673078
https://doi.org/10.1109/hri.2019.8673078
https://doi.org/10.1016/j.imavis.2009.08.002
https://doi.org/10.1016/j.imavis.2009.08.002
https://doi.org/10.1038/35058500
https://doi.org/10.1038/35058500
https://doi.org/10.1111/j.1460-2466.2006.00318.x
https://doi.org/10.1109/thms.2019.2912447
https://doi.org/10.1109/thms.2019.2912447
https://doi.org/10.1109/cvprw.2010.5543262
https://doi.org/10.1109/cvprw.2016.182
https://doi.org/10.1007/978-3-319-27146-0_2
https://doi.org/10.1093/acprof:oso/9780199652822.001.0001
https://doi.org/10.1093/acprof:oso/9780199652822.001.0001
https://doi.org/10.1037/0012-1649.21.1.195
https://doi.org/10.1037/0012-1649.21.1.195
https://doi.org/10.1016/j.imavis.2014.06.002

	Abstract
	1 Introduction
	2 Methodology & Study
	3 Results
	4 Conclusions and future work
	Acknowledgments
	References

