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ABSTRACT

A case is made for logical argumentation as a means for
enabling true collaboration between human and robot part-
ners. The majority of human-robot systems involve inter-
actions in which the robot is subordinate, and all high-level
decision making is performed by the human. However, in or-
der to enable human-robot partnerships, both parties must
be able to participate in constructive dialogue where each
party can present ideas, these are discussed, and a shared
conclusion is agreed upon. Argumentation is a method that
can support such needs, as outlined in this short paper.

Categories and Subject Descriptors

1.2.11 [Artificial Intelligence]: Distributed Artificial In-
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1. INTRODUCTION

Humans interact with each other in a range of relation-
ships, some of which are subordinate while others are col-
laborative, where the skills of one complement those of the
other. Each of these relationships, to be successful and pro-
ductive, relies on some amount of communication, dialogue,
in which each party presents ideas, which are discussed to-
gether, and a shared conclusion is agreed upon by both.
In contrast, the vast majority of human-robot relationships
are ones in which the human is master and tells the robot
what to do. This puts many limitations on human-robot
interaction: if a robot fails at its assigned task, it can only
report failure and cannot discuss the reasons for that fail-
ure; a robot cannot recognize new opportunities and inter-
rupt its task to suggest alternate actions. Dialogue that is
founded on unscripted and opportunistic exchange of ideas
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does not exist in current human-robot interaction (HRI) sys-
tems, where the focus is largely on natural language archi-
tectures [5] or delivery methods [3], rather than dynamic
content selection. For HRI systems to be truly collabora-
tive, participants need to be able to engage in constructive
dialogue that can adjust dynamically as the dialogue and sit-
uation unfolds. Argumentation [10] is a well-founded theo-
retical method that can support such needs. Argumentation-
based dialogue [6] can be used to handle situations such as
recovering from failure, pre-empting failure, and revising
plans. In this short paper, we make a case for argumen-
tation to enable true human-robot collaboration.

2. APPROACH

Our approach combines theoretical models of logical argu-
mentation-based dialogue for implementation in a dynamic
human-robot setting. Traditional autonomous robot con-
trol architectures involve steps in which a human is not
consulted: first, the robot senses its environment; second,
the robot formulates an intended plan for what to do in
order to achieve its goal and selects actions accordingly;
then, the robot performs the selected actions; and the pro-
cess repeats. Although modern architectures employ less
sequential strategies, these fundamental ideas are widely
utilized. We are concerned with situations in which a robot
and human seek agreement about the goal that they are
trying to achieve and the plan they will attempt in order to
achieve their goal. Our approach engages human and robot
in an argumentation-based dialogue game [6], where they
exchange locutions according to a protocol in order to reach
agreement about goals and plans. Argumentation-based di-
alogue protocols include: information-seeking [11], where
one agent asks another agent a question that it believes the
other can answer; inquiry [4], where two agents collabora-
tively answer a question that neither knew the answer to
beforehand; persuasion [8], where an agent tries to alter the
beliefs of another agent; negotiation [9], where two agents
attempt to reach agreement about allocation of a scarce re-
source; and deliberation [7], where agents collaboratively de-
cide what action to take.

We model human-robot dialogues between a robot, R, and
a human, H, using the following notation: Apg is the set of
beliefs that the robot has about its environment and the
world; I'r(H) is the set of beliefs that the robot has about
the human, i.e., what the robot believes the human believes;
CSr is the robot’s commitment store, the set of propositions
that have been put forth in the dialogue by the robot; C'Sgy is
the human’s commitment store; Goalsg is the set of robot’s



(a) information-seeking dialogue —
pre-conditions: b Ar, b€ 'r(H)

assert(b=>c)

(b) inquiry dialogue —
pre-conditions: b ¢ Ar, b ¢ T'r(H)

be AR, bEFR(H)

(c) persuasion dialogue —
pre-conditions: b ¢ T'r(H)
outcomes: beT'r(H)
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Figure 1: Protocols for discussing beliefs

goals; Planspr is the set of robot’s plans; and X is the
information the robot can use in the dialogue, where: ¥ =
ArUTlR(H)UCSrUCSHUGoalsg UPlansg. The robot is
only allowed to utter locutions that make use of information
from ¥g [6]. A dialogue may affect the robot’s beliefs (b €
Ar UTlgr(H)) or actions (a € Actions).

Figures 1 and 2 show our human-robot dialogue protocols.
The pre-conditions must be true in order for the dialogue to
apply; and the outcomes come true when a dialogue ter-
minates. The trees outline locution sequences, where the
top level (root) is uttered by the participant who initiates
the dialogue (white text on black). The next level contains
the possible responses by the other participant (black text
on white), and so on. Some locutions cause the dialogue
to terminate, such as accept(b). Other locutions cause the
dialogue to loop back, such as assert(S). For example, if a
participant’s assertion, A, is challenged, then she presents
A = (S,b), where S is the support for b. If the challenger
agrees with the support, then the conclusion is accepted.
Otherwise, the dialogue reaches an impasse (because a par-
ticipant would be forced to repeat herself).

Three types of dialogue allow the human and robot to dis-
cuss beliefs: information-seeking is used when the robot
asks a question of the human, or vice versa; inquiry is used
when the robot and human work together to answer a ques-
tion; and persuasion is used when the robot wants to alter
the human’s beliefs. This type of dialogue is helpful for error
prevention: e.g., when the human asks the robot to execute
a plan which the robot believes will fail. Two types of dia-
logue allow the human and robot to discuss plans and goals:
negotiation is typically used when two agents need to reach
an agreement about allocating resources; and a delibera-
tion dialogue can be used when the human and robot need
to decide on a plan. Negotiation is used to discuss a task, k,
and makes use of a special type of connective: k ~+ j, which
can be read as: if k then j, i.e., if you do k, then I will
do j [1]. Deliberation is used for one agent to propose that
an action, a, be undertaken, to which the second agent can
either accept(a) the proposal, agreeing to execute the spec-
ified action, or voice a preference for a different action, z:
propose(z>a,).

3. SUMMARY

We have presented a model for human-robot interaction
that supports flexible and dynamic argumentation-based di-
alogue. Our methodology applies theoretical models in a
real-time setting and contributes to both HRI and argumen-
tation. Current work includes a user study to assess an im-
plementation of the methodology outlined here and evaluate
the effectiveness of our approach with human subjects [2].
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(a) negotiation dialogue —
pre-conditions: k & Goalsgr, k & Goalsy
outcomes: k € Goalsr Nk € Goalsyg

[ eauesito ]

refuse(k) ) [challenge(k)j (promise(k~>j) )

frofuse(~>k) R challenge() I
assert(S)

(b) deliberation dialogue —

pre-conditions: a & Plansgr

outcomes: a € Tr(H), a € Plansgr
propose(a)

(acoept®) ) (

promise(i~>j)

Figure 2: Protocols for discussing plans and goals
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