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I. INTRODUCTION

As robots become more pervasive in society, people will fir
themselves actively interacting with robots, and also ingh
past them without any explicit interaction. People are dble
maneuver in crowded situations by speeding up or slowi
down to slip in between open pockets where people are
standing or walking. Our research focuses on this indire
bystander interaction.

Scholtz defines a bystander as a person who “does not _ _ _
explicitly interact with a robot but needs some model qﬁ‘:?,'inlg')’ a(rll‘gf:otgotr'ahﬁée?éﬁ;ﬁ'?\;viﬁfxg{’d?ﬁ,‘i"r'g) wheelchagwith person
robot behavior to understand the consequences of the sobot’
actions” and does not have formal training about the robpt [
[2]. We investigated the level of trust that a bystander Has o
robotic system in a corridor passing scenario by asking lgeo
to watch short videos of such scenarios where the hallwa
only wide enough to accommodate two entities (either hum
or robot). Our goal was to understand the bystander's me
model of how a robot should behave when passing a hum
the bystander's expectation of the robot to adhere to sog
protocol, and the overall trust a bystander has of the radbot
do the right thing.

Fig. 2. A bystander passes by Jr. in a corridor

Il. EXPERIMENT

We manipulated two independent variables: the type of We conducted a web survey with the video clips using Ama-
robot and how the robot behaved when passing a person in #o@.com’s Mechanical Turk system [3]. Participants viewtd
corridor. We used three distinct robots: a Kyosho Blizzaml, 16 video clips. To minimize ordering and learning effects, w
iRobot ATRV-Jr, and a custom robot wheelchair (Fig. 1). Thereated 16 similar versions of the survey in which the order o
robot wheelchair had a rider either riding passively on thae robots was rotated and the robot behavior was randomized
wheelchair (indicating robot control) or actively drivithe Fourteen people participated in each version of the survey,
wheelchair. We used four distinct passing behaviors: 1) thetaling 224 participants for this experiment. Particifsamere
robot stopped, 2) the robot continued on its path but slowatlowed up to 24 hours to complete the survey. The average
down, 3) the robot continued on its path at the same velocigngth of this experiment was 1 hour 16 minutédX 3 hours
(neutral), and 4) the robot sped up on its path. and 28 minutes); the median time was 27 minutes. Particgpant

For each of the 16 conditions (4 robot types4 robot were paid $1.00 through Mechanical Turk.
passing behaviors), we made a short video clip (Fig. 2).After each of the video clips, we collected rating infor-
Sample videos can be found at http://www.cs.uml.edu/mbomation from the participant using a five-point semantic dif-
2009-hallway-passing. In each of the videos, an off-camefierential scale. To investigate the participant’'s mentaldst,
person controlled the trajectory and speed of the robot.nfo eve asked the participant to rate how appropriately the robot
sure that the robot’s behaviors were perceivable, we alila behaved (Q1), where 1 was “completely as | expected,” 4 was
the content of the videos through coding=86.67, excluding “not at all as | expected,” and 5 was “l had no expectations/I|
chance). Two coders watched each of the 16 videos and wrdié not know what to expect.” To investigate the particigmnt
a free response description of what occurred in the video. expectation of the robot to adhere to social protocol (Q2),



we asked the participant to rate his/her perception of the7.6% of responses, participants reported “no expectétio
robot’s manners, where 1 was “very polite,” 3 was “neutrahot know what to expect,” which were removed for this
neither polite nor impolite,” and 5 was “very impolite.” Toanalysis. For all of the robot types, people reported they th
investigate the participant’s overall trust of the robog, asked found the neutral behavior to be the most expected slow, stop
the participant to rate how much the participant trusted tlaad fast the least expected. We computed unpaired oné-taile
robot to do the right thing (Q3), where 1 was “I completelyests witha=0.05 comparing each robot behavior against each
trust the robot,” 3 was “I neither trust nor distrust the rgbo other and found significance in all cases, whete).01.
and 5 was “I completely distrust the robot.” We also looked at how the participants rated the robots’
In the post-experiment questionnaire, we asked the partieidherence to social etiqutte (Q2). The participants regort
pants to distribute 100 points over the four robots alongehrthat they found the stop behavior to be the most po-
independent dimensions: appropriate behavior (Q4), cempite (X=1.89, SD=1.03), slow (=2.00, SD=0.89), neutral
ance with social etiquette (Q5), and trustworthiness (@@). (X=2.48,5D=0.88), and fast X=3.50, SD=1.09) the least;
ditionally, we asked the participants to describe theisoping 1 was the highest politeness rating and 5 was the least. We
for the point distribution. We asked the participants toctie® computed paired one-tailetitests with «=0.05, comparing
each of the robots using three adjectives or phrases, &@ath robot behavior against each other, and found signiiécan
solicited for any questions or comments about the expetimein all cases, wherg<0.01. We hypothesized that people would
find the fast behavior to be the most impolite as this abrupt
lll. RESULTS AND DISCUSSION behavior is infrequently employed. However, we did not expe
Of the 224 participants, there were 104 males, 119 femalésat people would rate the stop or slow behaviors as more
and 1 person who did not report gender. Thirty-eight partigbolite than the neutral behavior because the corridor wds wi
pants (17%) reported prior robot experience, includinggisi enough to accommodate two entities side by side.
robot house work devices (e.g., Roomba), industrial robotsFrom the ratings of Q3, the participants reported that they
(e.g., packaging), and robotic toys (e.g., Lego). The ayeratrusted the stop behavior the mosf£2.20,5D=0.93), slow
age of the participants was 32.2 yeatd)=10.6). (X=2.24, SD=0.82), neutral £=2.36, SD=0.85), and fast
Robot type. We compared the point distribution for expec{X=3.20, SD=1.06) the least; 1 was the highest trust rating
tation (Q4) and trust (Q6) against another type of robotgisimnd 5 was the least. We computed paired one-tailtxbts
paired one-tailed-tests witha=0.05. We wanted to see if thewith «=0.05 comparing each robot behavior against each other.
participants trusted one type of robot more than the otheReople trusted both the stop and slow behavior significantly
Participants reported that they trusted the wheelchaln thie more than the neutral (both<0.01) or fast (bothp<0.01)
person driving the mostX=33.87 points,5D=19.16), the behaviors. The participants trusted the neutral behavimem
robot wheelchair X=23.43, 5D=10.7), Blizzard §£=22.49, than the fast behaviop&0.01). We believe that participants
SD=12.47), and Jr.X=20.21,5D=10.2) the least. The par-trusted the slower behaviors the most and the faster betsavio
ticipants significantly trusted the person driving the whbkeir the least because a slower velocity allows for a larger i@act
more than all the other types of robots<0.01), and the robot time in case of an unexpected behavior.
whgelchair significgntly more than Jp<0.01) rggardless of IV. CONCLUSIONS ANDFUTURE WORK
their comparable size and autonomous operation. Bothtsesul
are consistent with our study of attitudes towards autamati. We found that for our four types of robots, all should move

[4]. We found that the participants trusted Blizzard morarth in the manner that people do: continue at a relatively consta

Jr. (0<0.01) which we hypothesize is due to the small size 5ﬁeed unless there is need to yield, in which case the robot
the Blizzard should slow or stop. Our next step is to investigate corridor

Looking at how appropriately the robot behaved (Q4), W%assing scenarios in which the area is only wide enough for

found that participants reported that Blizzard performessm one person or robot, thus causing one to yield.
appropriately £=26.42 points,5D=11.09), wheelchair with ACKNOWLEDGMENT
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Interestingly, Blizzard outranked all the other robot typear-
ticipants rated Blizzard as better matching their expauntat

over the robot wheelchair and er<(0'04); the difference [1] J. Scholtz, “Theory and Evaluation of Human Robot Intgins,” in
Proc. of the Hawaii Intl. Conf. on Systems Scien@803.

between the eXpeCteq behavior of the V_VheeICha'r_ with ﬂfﬁ J. Scholtz and S. Bahrami, “Human-Robot Interactionv@epment of
person driving and Blizzard was not significant. Aside from an Evaluation Methodology for the Bystander Role of Intéca” in

this inconsistency, the robot types follow the above trend. __ IEEE Intl. Conf. on Systems, Man and Cyberngticsl. 4, 2003.
Robot behavi We al d if | I(P] Amazon, “Amazon Mechanical Turk: Artificial Artificial ritelligence,”
obot aviors. We also wanted to see If people wou 2009, http:/mww.mturk.com. Accessed Dec. 2009.

trust one type of behavior more than the others. We conducteldM. Desai, K. Stubbs, A. Steinfeld, and H. Yanco, “Cregtifirustworthy
statistical ana|ysi5 of the ratings of Q1, Q2, and Q3 against Robots: Lessons and Inspirations from Automated Systeins;New

ther t f the behavi Wi ined h I | Frontiers in Human-Robot Interaction” Workshop at the Cention of the
another types or tne benaviors. WWe examined how well people Society for the Study of Artificial Intelligence ad Simwdatiof Behaviour

rated the robot’s actions as matching their expectatiorly.(Q  (AISB) 2009.
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