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Introduction



https://www.youtube.com/watch?v=_dsG4h1FjIo

Human =2 Robot
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Human =2 Robot
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Study
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» Wizard of Oz

» Retrospective think-aloud interviews

Robot Conversation Referents (3)
Morphology (4) Role (2)

E Signaling Human Interactions to Service Robots: Understanding the Use of Social Cues during In-Person Conversations



Human =2 Robot

Table 2: 13 Referents and Their Types Used in Our Experiment

Referents Situation Type
Signal Awareness The robot was moving to you. iii
Signal the Robot to Serve Partner The robot stopped near you, carrying a bottle of drink you had just ordered. v
Do Not Provide Feedback The robot sent the drink to your partner, and asked “Please rate my service”  ii
Interrupt The robot was saying “Ok, your next cup of drink is expected to arrive at..."” v
) Anthrapomorplus Robigt (b} Zoemiotphit Robot Signal Wrong Drink The robot went away then came back, but brought a wrong drink to you. iv
Signal Emergency Stop The robot encountered a malfunction and was rushing towards you. iv
Indicate Drink Position The robot went near you and asked “Where should I place the drink?” i
Signal to Prevent Drink Spilling  The robot was sending out the drink, but the drink was spilling. iv
Provide Bad Feedback The robot finished sending the drink and asked “Please rate my service” ii
Dismiss The robot was wandering around nearby, disturbing your conversation. v
Call Over Your partner just finished her drink, and wanted the robot to collect the cup. iii

(c) Grounded Technical Robot (d) Aerial Technical Robot

Signal the Robot to Collect Cup

The robot moved to you and asked “How may I help you?”

Figure 1: Four Forms of Robots Used in Our Experiment

Provide Good Feedback

The robot collected your partner’s cup, and asked “Please rate my service””

ii
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Human =2 Robot

(a) Pepper, the anthropomorphic ro- (b) The participant was asking Spot, (c) The participant was asking the (d) The aerial technical robot car-

bot, was asking the participant to the zoomorphic robot, to go away. grounded technical robot to come ried the second cup of drink to
over. the participant and asked him/her

provide feedback.
where to place it.

Figure 2: Experiment scenes with four robot morphologies. First row: Scenario illustrations showing (a) anthropomorphic,
(b) zoomorphic, (c) grounded technical, and (d) aerial technical robots. Second row: Corresponding first-person participant

m Signavigwheints|saptatieds to Service Robots: Understanding the Use of Social Cues during In-Person Conversations
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Results
I Explicit (Deep Color) 70 Implicit (Light Color)
Signal Awareness I I I I I
Signal the Robot to Serve Partner I e B | |
Do Not Provide Feedback I I I _
Interrupt I I i |
Signal Wrong Drink S I |
Signal Emergency Stop I I | | |
Indicate Drink Position I e |
Signal to Prevent Drink Spilling I I
Provide Bad Feedback Iy ] n |
Dismiss I I B _
Call Over I N i |
Signal the Robot to Collect Cup I I 1 | |
Provide Good Feedback I 7 |
0 20 40 0 20 40 0 20 40 0 20 40 0 20 40
Gesture Verbal Eve Head Upper Body

Figure 4: Explicit (dark) and implicit (light) Modality usages by REFERENT.

m Signaling Human Interactions to Service Robots: Understanding the Use of Social Cues during In-Person Conversations
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Results
Conversation « Speaker = Verbal modality, Simpler gestures (cognitive load)
Role (2) « Listener > Complex gestures
. ' =2 =O O| Al
Robot Drone - Hand height ==, == ¢ A| ZtH 2} 214
Morphology (4) » Zoomorphic > More Upper body movement, Eye gaze &2, Lower

verbal volume

E Signaling Human Interactions to Service Robots: Understanding the Use of Social Cues during In-Person Conversations
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Takeaways

« Human-Robot Social Interaction
« Human-Human Interaction2} 7 A}2t social cues AFE
* Primary Task Context
» Conversation role + Cognitive load + Social appropriateness

 Other Social Scenarios?

* Negotiation, collaboration, conflict resolution, group decision-making...

E Signaling Human Interactions to Service Robots: Understanding the Use of Social Cues during In-Person Conversations
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Research Question
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E An Approach to Elicit Human-Understandable Robot Expressions to Support Human-Robot Interaction
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Robot 2> Human

Gesture
Coding

EE—

c) Record

a) Act out

/\

b) Adjust

Figure 1: The two-phase process for eliciting and verifying gestures.

m An Approach to Elicit Human-Understandable Robot Expressions to Support Human-Robot Interaction 11



Robot 2> Human

Expression Elicitation Study

B
.

Open & Axial Coding

Taxonomy Categorization

Qo a

Elicited Expression Set

Expression Verification Study

Open Coding

Calculate Agreement Score

Understandable Expression Set

Figure 2: Procedure of creating human-understandable robot
expressions, divided into two phases; Expression Elicitation
and Expression Verification leading to a final understandable
expressions set.

Table 2: The eight referents we used to prompt users to create
expressions. We showed these referents to users and then
asked them to create an expression the robot would do to
match the descrption.

Ref. Description

R1 Imagine a non-movable object on the table in front of you.
Without touching it, how would you visually observe the
object to intake more information?

R2 Imagine a constant sound in the corner of the room. How
would you listen to the sound to intake more information?

R3 Imagine a non-movable object on the table in front of
you, but you don’t understand how it works (e.g., why
a computer screen isn’t black). How would you reduce
uncertainty about this object?

R4 Imagine someone is explaining something to you. How
would you show understanding and acknowledge the
information?

R5 Imagine someone starts talking to you. How would you
use an open posture to signal that you are listening?

R6 Imagine someone is talking to you. How would you ex-
press that you are engaged and attentive?

R7 Imagine you see something scary. How would you back
away in fear?

R8 Imagine someone starts talking to you. How would you
use a closed posture to signal that you are rejecting what
they are saying?

m An Approach to Elicit Human-Understandable Robot Expressions to Support Human-Robot Interaction
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Insights

- ‘g d=mot g IYO|Y|, I KO AESH| &
- Contextl| 584 : Object, Sound Source =
« Non-humanoid AR ZZ2 B2 = AUS

Side View Front View

r
Figure 4: Two example expressions from our setup to demon-

strate the 13 expressions to the participants of the verifica-
tion study in video form.

Side View Front View

o ) ) (b) E10: Displaying the robot backing away in fear.
An Approach to Elicit Human-Understandable Robot Expressions to Support Human-Robot Interaction

(a) E02: Displaying the robot showing interest in an object.
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Takeaways

Context & Scenario

* Human - Robot
« Q79| social cuesE dliA 2 [l Conversation Context, Conversation Role, Cognitive Load
multimodaldtA| 21415l oF &
* Robot = Human

- Z X232 familiar, context-rich expressions= A& 5HOF T

Robot Context

Human Cues : .
Expressions & Scenario
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