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Abstract. With more social robots entering different industries such as
educational systems, health-care facilities, and even airports, it is im-
portant to tackle problems that may hinder high quality interactions in
a wild setting including group conversations. This paper introduces a
footing framework that allows the robot to assign conversational roles,
which include addressee/addresser, bystander, and overhearer, for multi-
participants in an interaction. Accordingly, the robot adjusts its gaze
pattern as a social cue that indicates that it has understood these roles.
A pilot study was conducted to evaluate the effect of having this footing
framework on the group affiliation and perceived social intelligence of a
social robot.

Keywords: Social Intelligence - Proxemics - Footing - Situational As-
sessment.

1 Introduction

Among research on human-robot-interaction there is increasing interest in how
robots should act in order to be perceived as socially intelligent. Social intel-
ligence can be comprised of many factors, such as how the robot acts, speaks,
and gestures. However, one element of robot social intelligence that has so far
received little attention is proxemics. In human-human interaction, proxemics is
defined as the study of the human use of space and its effects on the behavior,
communication and social interactions [3]. A related concept is footing, which is
used to describe the set-up of a conversation and the role of the participants in
it [2]. For example, participants can be either a speaker, listener, or bystander
(not actively participating).

In human robot interaction, a social robot is not an isolated agent but rather
an active participant in social interactions and conversations. As such, it needs
to be able to identify the different roles of participants. In addition, it should
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be able to recognize its own role and adapt accordingly, whether as a speaker,
listener, or bystander.

Accordingly, this paper presents a footing framework that coordinates the
conversational roles for multi-party human robot interaction. The system takes
into account the position, orientation, gaze, and speech of the participants and
combines them with the governing theories of proxemics for situational assess-
ment. The final output is the status of all participants around the robot in addi-
tion to the status of the robot itself. A study was conducted to better understand
whether footing knowledge and status coordination for multi party interactions
increase group affiliation and perceived social intelligence of a social robot.

2 Related Work

For a robot to be perceived as a socially-intelligent agent, it must be able to
hold a successful social interaction, adapt to the social environment, and exhibit
appropriate multi-modal behavior. For this reason, the robot is required to have
the skills to understand and reason about the environment, not just from the
perspective of the physical locations of the objects, but also from that of the
‘mental” and ’physical’ states of the human participants in the interaction [8].

There are three levels of situation awareness. The first level is perceiving the
state of the elements found in the environment. The second level is building a
goal the user wants to achieve based on the comprehension of the information
inferred from the first level. Finally the third level is projecting on the future
based on the perception and comprehension of the current situation [1]. Based
on this model, a generalized perception system has been proposed aiming to
achieve an effective and more natural multi-modal human robot interaction [8].

In addition, proxemics and footing have been an increasingly studied phe-
nomena in human-agent interactions, where the agent can be either virtual or
physical. For instance, for virtual agents, the interest of better understanding
footing using nonverbal signals is highlighted in [7] and [9]. In [7], human interac-
tions were studied to model how footing and the different roles of a multi-party
conversation affect the behavior of the participants.

3 Background

This section introduces a few definitions needed to better understand the foot-
ing framework introduced in Section 4 and represented in Figure 1. In addition,
the interpersonal distances, as introduced by Hall [4], suggest that the limit of
the personal distance, where interaction with friends takes place, is around 1.2
meters and the limit of the social distance, which is the space for formal inter-
actions, is around 3.6 meters. However, any distance beyond that is considered
a public space.

Transactional Segment: In [11], the transactional segment is defined as the
half circle around the forward direction of the person with a radius of 2 meter.
This identifies an object in that segment as the person’s implicit attentional
target.
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Fig. 1. Representation of the definitions of Transactional Segment, Front Zone, and
Gaze Zone respectively.

F-formation: When Kendon in [6] studied organizational patterns of social en-
counters, he defined the term F-formation, which is when two or more people
adjust their spatial and orientation relationship in order to have equal, direct,
and exclusive access. Furthermore, Schegloff [10] also linked proxemics to the
intentions of the participants.

Front Zone:In estimating the participation status of a person based on obser-
vations of human interaction, [11] defined the front zone as the area across an
angle of 120 degree from the front of the person. Moreover, it was concluded
that there is a perceived obligation to participate in a conversation when people
are in each other’s front zones.

Gaze Zone: When two people fall in each other’s gaze zones thus having their
gazes meet, there is now an obligation for the participation in a conversation [11].

Footing Framework: Conversational Role Coordinator

Input Information
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Fig. 2. Overall system

4 Footing Framework

The inputs needed for the framework are the distance between the robot and
each participant, the orientation of each participant with respect to the robot,
the angle between the robot and each participant, and the attention of each
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participant around the robot (whether they are looking straight at robot or to
the sides or up or down).
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Fig. 3. Framework for Footing in Human-Robot Interaction

First, the transactional segment, defined for this framework, is a half circle
in front of the robot with a radius of 1.6 meters. The radius length was adjusted
(from the one defined in Section 3) based on the data collected from human
interactions with the robot Pepper and in the intention of it being within the
inner circle of the social distance defined by [4]. In addition, it is important
to have the transactional segment within the field view of the robot. Thus, any
participant within the transactional segment is considered to have the intentions
to interact (whether as addresser/addressee or bystander) and any participant
outside this segment has the role of an overhearer. Second when an f-formation
is detected based on the position and orientation of the participants, they are
directly given the status of addresser/addressee. In addition, if there are any
participants not part of the f-formation detected but still within the transactional
segment, they are given the bystander status. Third, for this framework, the front
zone refers to the 120 degree fan-shaped area with a 1.6 meters in front of the
robot. Any participant in this zone can either be an addresser/addressee or a
bystander depending on the gaze zone priority, but the rest of the participants
outside this area now get assigned the bystander status. Fourth, the gaze zone
here is a 30 degree fan-shaped area with a 1.6 meter distance. The participants
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who fall in this area get the priority of being assigned the active status, which
is also referred to addresser/addressee, and all other participants within the
transactional segment get the bystander status.

Finally, a few rules are added to the framework. First, if at least one participant
is assigned the active status, the robot gets an active status as well. Second,
if the direction of orientation of the participants is facing each other and not
the robot, the robot is now assigned bystander status and must act accordingly.
Third, if one participant’s direction of orientation is facing the robot while the
others do not and speech is detected, the participant facing the robot gains
priority of being an addresser/addressee.

5 Evaluation Experiment

A pilot study of 16 participants (average age of 27) was conducted as a pre-
liminary evaluation of the proposed framework for group interactions. The main
purpose is to answer the following research question ”Does proper footing knowl-
edge and status coordination for multi party interactions increase group affilia-
tion and perceived social intelligence of a social robot?”. In this study, a group
of two participants plus a robot (forming a triadic interaction) are engaged
in a trivia game with the robot that lasted on average 15 minutes. Once the
interaction was over, the participants were asked to answer an ALMERE ques-
tionnaire. The ALMERE questionnaire was designed to assess the acceptance
of assistive social agent technology [5]. The questionnaire includes the follow-
ing constructs: anxiety (ANX), attitude towards technology (ATT), perceived
adaptability (PAD), perceived enjoyment (PENJ), perceived sociability (PS),
and social presence (SP). In addition, the positioning and orientation of the
participants were also measured to analyze how the dynamics of the group in-
teraction differs when the robot has the footing framework suggested. However,
for this paper, the focus is on the results from the ALMERE questionnaire.

5.1 Study Design & Hypothesis

This study employs a 2 x 3 independent groups design. A behavior with the foot-
ing status framework (Conditionl) and a control condition with out-of-the-box
basic awareness (Condition 2) were manipulated as between groups independent
variables. The participants were assigned randomly to the conditions. In addi-
tion, there are three situations that occur throughout the interaction: situation
with two addressees, situation with one addressee and one bystander, and situa-
tion one bystander and one addressee. The situations are manipulated as within
group independent variables. The order of the three independent variables in
each condition are random to counterbalance. Perceived intelligence and socia-
bility of the robot are measured as dependent variables.

We hypothesize that the robot with the footing framework for conversational
roles coordinator will score higher on the ALMERE survey specially for the
perceived sociability, social presence and perceived adaptability constructs.
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5.2 Set-Up & Experiment

Each interaction required a group of two participants at a time to play a trivia
game. The trivia game consists of general knowledge questions to which the play-
ers have to answer by either 'True’ or ’False’. It is made up of three levels not
based on difficulty but rather on whether it is one player or two players in order
to simulate the three situations mention in subsection 5.1. The first level is for
two players (two addresses) and the second and third levels are for one player
where the participants have to switch turns among each other (one addressee
and one bystander). During levels two and three, the non-playing participant is
invited to observe the other participant play and was given the freedom to move
around as he/she wants. At the beginning, the robot would greet the players
and at the end of the game say goodbye and thank them for playing.
Moreover, the participants were divided randomly among condition 1 and condi-
tion 2 of the experiment. In condition 1, the robot uses the suggested framework
in section 4 and adjusts it’s gaze patterns accordingly to conform to the roles the
participants have chosen based on their position and orientation. In condition 2,
Pepper uses its basic awareness API, which is already embedded in it. In basic
awareness, the robot studies its own surroundings and once a human is detected,
the robot keeps tracking him/her. Basic awareness allows the robot to focus on
only one human until another is detected.
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Fig. 4. Overall evaluation of ALMERE questionnaire
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5.3 Results

After the trivia game was over, the participants were asked to fill the ALMERE
survey. For the overall evaluation score, shown in Figure 4, a repeated measures
ANOVA was conducted. A significant main effect was found (p =0.0394) with the
condition of the footing framework scoring higher on perceived sociability, social
presence, and perceived adaptability. Therefore, the hypothesis is supported.

In addition, the participants were asked to rate an extra set of questions from

Extra Questions

Did you feel attended to by the , —

robot?

Was the robot giving you
enough attention?

Did you feel that the robot was
looking at you?

Do you think the robot con-

+

Answer
30 32 34 36 38 40

sidered you as an important —‘— :

player? Basic Awareness Footing Framework
Table 1. Extra questions for Fig. 5. Result of extra questions
evaluation

1 (strongly disagree) to 5(strongly agree). The questions are found in Table 1
and Figure 5 shows the evaluation of the result. The robot with the footing
framework condition scored much higher than the robot with basic awareness.
This shows that the participants who interacted with the robot, which was able
to adjust its gaze patterns to their conversational roles, felt more attended to by
the robot.

6 Discussion & Conclusion

In the results, we see that the robot for both conditions performed similarly in
context of social presence and perceived enjoyment. These results are not sur-
prising since it was the same robot with the same design and features. However,
the robot with the footing framework scored higher in the perceived sociability
section and showing that the robot with this condition had a more socially intel-
ligent behavior. The robot with the footing framework also scored much higher
on perceived adaptability indicating that the robot did adapt and conform to
the change in the conversational roles throughout the interaction. Third, when
looking at the attitude construct, once again the robot with the footing frame-
work performed better with users rating a more positive feeling and attitude
about the application of this robot. Finally, the users also rated that they were
less anxious when interacting with the robot with the footing framework.

Moreover, to further gather qualitative insight, the participants were asked to
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answer four extra questions shown in Table 1. The ANOVA results, in Figure 5,
indicate a significant effect (p = 0.045) and the Footing framework scored higher.
This gives an indication that in this condition, the users felt more attended to.
This work is still in its early stages and with the pilot study results supported
the preliminary hypothesis. The next steps include looking at the quantitative
measures to better understand how the dynamics of the group interaction with
this footing framework differs from one without. It is also interesting to see
the effect of having additional social cues in the gaze mechanism, such as turn-
taking and floor-holding, and/or proactive adjustment of the robot’s position in
the conversation. The suggested framework still needs to be optimized for it to
be more adaptive and increase the quality of interaction further.
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