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Taking Candy from a Robot: Speed Fatures and Candy
Accessibility Predict Human Response
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Abstracf In our experiment, two autonomously moving
costumed robots visit 2560ffices during a @everseO trickor-
treating task close to HalloweenOur behavioral data supports
the idea that people intepret a robotOs nofverbal cues as the
robots® costuming and dskets of candy seem to have
communicated an implicit offer of candy. In fact, one third of
our detection instances occurredluring robot transit, i.e.,while
the robots were making no verbal offer. We find that candy
accessibility dominates any social iffience of robot orientation
and that robot speed influences both whether people will
interrupt a robot in transit (slow more interruptible) and
whether they will respond to its verbal offer (fast more salient)
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|I. INTRODUCTION

Our research interest is howba motion and physical
cues, such as orientation to a goal, influence human response
to amobilerobot. We are alsourioushow these cuesnpact _
peoples attributions about robatsid whether theyean oS L b ik hont-nsaled candy
clarlfy or con_fo_undhuman_ mterpret.atlon .(ﬂ rObO.Q goab' baskJ;l. Cand]y—taking detectors installedgabove the basketsfacing down%)

As a naturalistic exploration of this topic, we implement a

candydelivery behavior on twautonomousl.3metertall  pegple took candy more often when a robot approached an

CoBot robots[1] with four-wheeled omnidirectional bases qfice at higher speed.

and basketsfor transporting objectéFig. 1). We also added _ ) _

downfacing sensos that we use to detect when people are We were also surprised to discover that-tmed of the

taking candy candytaking instances occurred while the robots were in
o _ transit, in other words, when they were not verbally offering

This is the third year that the CoBots have performed @ndy. while the orientation conditi@md basket location do
reverse trickor-treating behavior close to Hallowednjt the ot impact the transit path, we did find that hallway candy
first time that we varied its motion characteristic§aking behavior did change in regard to the robgi@sor
experimentally. Duringhe task, the robots travel to all theg;,,, speed condition. In factepple take candgver twice as
offices on @ch floor, verbally offeringeople to take candy qften from a robot traveling atslow speed, even when
upon its arrival to eachDeployed since 2009 to perform agccounting forelative time spent traveling
variety of tasks, they came pirestalled with basketse{ther
in the front or the back of thebot) that we filled with candy Il. RELATED WORK
for the experimentThe robots are capable of rotation and
translation, thus they are ideal for exploring the impact %‘n
simple motions on human perceptions and behavior.

CoBot2 CoBot3

Autonomous robots are increasingly entering human
vironments, from shopping center guidgd to cafZ
companions [B from delivery robots in ouhospitals [4 to

Our variables included robot orientation to the affic university resource$5][6], and cleaners of our homeg] [
(social or asocial) and robot navigation speeftst or slow).  Whether sharing common spaa@sengaging residents and
Our hypotheses weré) that people at the offices would takebystanders directly, these robots often benefit from a shared
candy more often frommobots with natural social facing (i,e. understanding of social rule8][6], andwhen theseulesdo
looking directly into the offices, instead @fway), and2) that  Or do not apply toparticularrobotsin particular task contexts
the robots moving afast speedwould seem more dedicated
to their tasks. Surprisingly, we find that a robotOs soci%lS
facing has no impact on whether or how fast people tal@o
candy. Instead, people are most influenced by the proximi%
of the candybasket. Caosistent with our second hypothesis,

As the examplesabove highlight more and more
earchers are bringing their research studies out of the
oratory. While the chaltge of such investigatioris that
tural environmestare complex and unexpectednfounds
may enter the experiment (e.g. how many petq& candy
from the CoBot robots in the hallway during transithey
*Research supported by the National Science Foundation. also present realistic versions of the target environments for
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we conducted ougxperiment, and our specific insights aboututomatically loading aesired sequence of office locations,
expressingobot body laguage via motion using ascending numerical order. At each step, the s#ist
its next target office location, loads its experimental
conditions (randomly choosing betwegn: vs. slow speed,
Tand social VS. asocial orientation), then attempts to navigate
to that location at the appropriate speed.

While previous res@rch has investigateaspects of robot
motion comnunications, such as proxemics],[ social
navigation [9, andhuman attributions about combinations o
robot motion characteristidd0], our work explores simple
but generalizable principles of how robobotion and Upon arrival to the office,hie robot cerdrs itself at the
orientation impacts human behavior dugna naturalistic door, sets & orientation angle to the current setting, and says
robot task. For example, in the authorOs previous waBknock, knock, is anyone there®@br OHappy Halloween!
applying Laban Effort principleso robot motion [1], Please take some candy, then press the done button.O The
orientation was a clear feature used by study participantsrabotOs verbalization also prints out oraitdet touch screen.
interpretthe agerdexpressionin this experimet, however, If there is no touchscreen response, the robot will waitifor
we found that thouglpeople made note of a robotOs socis 30 secondshen leave the officetherwise it leaves when
orientation, that orientation did not impact huntahavioral the user presses the ODoneO button. Upon departure, it loads
response. We will explore these diverging findings further iits next office destination and experimentaltisgs the
ourresults andliscussion sectian process continuingintil it has visited the full set of offices

for that floor, also returning to offices with no response.
Ill. BACKGROUND: THE COBOTS ortha 9 P

During operation, the CoBot data loggifig relevant to
this experiment included: sequences of offices visited, robot
fransit times, robot task durations, experimental condition
%ettings, and canehaking detection distance data (including
raw signal, estimated distance and timestamps). While the
robot operations were autonomous, there was often a
researchr on site downthe hallway whocould observe
and/or overhear peopleOs reactions to or comments about the
robots. Eperimenters only intgened if the robot was stuck,
needed more candy, on some floors, required a door to be

The CoBotsautoromously complee their tasksusing opened to enter a corridor
depth @meras and laser rangefinders focdlization and B
navigation [#]. When necessary, they can seek human i . .
assistance @ symbiotic autonomy |6 e.g, asking Each CoBot was equipped wiharp IR distance sensor
bystanders for help pressing the elevator buttenon-board ~ (range:10cm80cm), which we installed aboweachcandy
tablet provides the computational platform to the robotOs basket Alternative sensors might include a weight sensor
task behaviorsas well as thealgorithms for sensing and (Would be better for running average, but less reliable for
control. It also provides a graphical and speéeised candytaking) or a vision system tracking hands (high

Since 2009, th€oBot robothaveperforned a variety of
tasks throughout our robotics and computer scienc
buildings including meeting and guiding someone to
location, deliveringobjects and/or messages [1&nd serving
as semiautcmomaus telepresenceagents [1B Just overl.3
meterstall, the CoBot robots move vitneir four-wheeled
omnidirectional base Although esearchersan monitor
robot operationgemotely via localization and local video
datg the robots seldomequire human intervention.

. Detection Methodology

interface for interaction algorithmic load, less privacy). Though the IR sensors are
simple they provide complex insights into ham behavior,
IV. AUTONOMOUSCANDY DELIVERY while allowing userso remain anonymous.
In this experiment, & used two of thefour existing . Multiple Detection Single Detection

2

CoBot robots: CoBot2 and CoB3. While the hardware for
the tworobotsis mostly identical, because of previous work &
their basket locations differ (Fig. 1), namely Cobot2 has et 2 R A W Ay
backinstalled basket, while Cobot3 has a liskstalled in g, fw 7 :

the front. We also addedustomized Halloween costumes, |,

both consisting of a cape and a hat, but differing in theme a |, M “

cape length so as to not interfere with candy access. i \\j

12 14

In this section, we overview the reverse trkireating T g R T s
behavia that the two robots autonomously performed, tI’]er’:igure 2. Sample detections of people taking candy, (left) two detections,

describe our setup to detect when people were taking Canﬁllght) one detection. Straight line presents threshold for leftmost detection.
from the robots.

15 20

The candytaking sensor publishes ~every 50f@gate of
20 frames/sec)Using this data, wé) estimate candy levels
For the third year in a row, researchers sent CoBot robqtginning average over one minute @éta), and 2)detect
to deliver candy to peopleqffices in costume. This year waswhen people put their hand in the basket to tkedy. To
the first year that more than one CoBot was in operation gtcomplish the second, our system looks for signals lasting at
the same time, and it was the first year thatvared robot |est 150ms that exhibit a minimum of 7cm deviation from
motion conditionssuch that we could analyze the impatt running average (Fig. 2). We parameterized these nurters
our experimental features on peopleOdyetaking behavior.  eliminate false positives (as determined by human labels). In
The reverse triclor-treating task can be called with anyother words, we have a conservative detector, in which some

floor currently includedri the CoBtOs navigation system,candytaking instances may be missed but there are few

A. Reverse Trick-Or-Treating Program



falsepositives (final rate was 2% or 3/151 detections, b®. Data Collection Overview

human annotation) The wo robotssuccessfullyisited 2560ffices (302 paths
As part of the detection processe wroup detections into attemptedextra pathsiue to duplicated attempts at reaching
a singleinstance if there is a gap of <500ms between thenihe same office after localization corrections lack of
(threshold determined from human behavior sampléshe responsk acrossfour floors of ourcomputer sciencend
detections are separated by more than that, they éngtICSbUIldlngS (Table 1)_ The robots travel_ed a combined
considered multiple dettions, either from one person takingdistance of ~2.3km and time of 4 houg, minutes and 24
candy several times, or more than one person taking can8§conds Rig. 3). In total, they detected 148stances of
We also note the duration of each detectipirance in ~ P€Ople taking candylispersing over 2Ibs. of candy
frames (20 frames/seg) as longerdetectiondurations may

indicateseveral peopléaking candy in owéappingintervals, TABLE 1. REVERSETRICK-OR-TREATINGS STATS
andbr a more relaxed manner of a singperson taking [ Floor Duration* Distance** #Offices # Detects

candy.We display sample graphs of our detetsim Fig 2. GHCE Al T 55 30

V. EXPERIMENT GHC9 | 5114 584 100 30

In our analysis, we intended to analyhe impact of our ['NSH4 3042 427 55 33

experimental conditions on peopleOs cdaallyng behsior o 5137 310 T £E

during two task contextsit office or in transit. When the
robots were at an officethey would verbally offer the 16464 2288 302 148
occupants candyput when they were in transit, they made n
verbal offer.In the following subsections, we review the
experimentatonditions, then overview our data collection.

*Duration in secondicluding startup time**D istance in meteriscluding travel from other floors

A. Experimental Conditions

Our experimental conditions include orientatiGocial
indicates orienting toward officeor asocial indicates
orienting away)and speedslow or fast). The experimental
conditions vere selected at random each time an offic
location was added to a robotOs task planner.

¥ Orientation: When a robot arrived at an office, it
would either face directly into the officd 0degrees
(social, i.e., toward interaction partrjeor directly
away from the officeat 180 degre(asocial), then
ask the occupants if they would like some cardhe
social and asocial labels are meant to be category
abstractions rather than dictionary definitions.

¥ Speed:The robots either traveled at 0.3 m/s (they
condition) or 0.75 m/s (thgst condition) this speed
setting was relevant to both its trarsstween offices
speed and its approach speedan office. Motor
noise increases with speed.

We also track candy location. Each robot had a perman
costumeand candy basketn ouranalysis, we will refer to
candy locatiorasfront basket andback basket (Fig 3) There

is apossibility thatthe costuming impacted human response
but we tried to make them fairly simila€obot2 wore a short
cape and witch hatyith a backinstalled candy basket, while

TIITIR

_COb0t3 wore a _|0ng cape and magician hat with a front Figure 4. Birds-eye view of the four floors in which Cobot2 and Cobot3
installed baske(tFlg. 1). visited offices to offer people candy, overlayed with their transit paths. Top

row: GHC6 and GHC 9 (Cobot2), Bottom row: NSH4 and GHC7 (Cobot3)

front-basket back-basket
A further breakdown of the detection contexts by floor
@ @ @ @ in Table | help suggest the social composition of each, e.g.,
. o . how many people took candy at the offices may reflect how
social asocial social asocial many people were in their offices to begin with, and the

number of transit detections gnaelate to the number of
Figure 3. Full set of orientations (socialis toward or asocialis away from people were passing through the hallwalysgistically, it
office) and candy-basket permutations. made sense to assign particular robots to particular floors, but
population differences in the floors visited and differing
times of days of those visits may have alsodotpd the total



number of candyletection instances we collecteds B.Impact of Task Context
annotated in Fig. ,ACobot2 visited GHC6 and GHC9, while

C During their candydelivery activities (Table )| the
Cobot3 visited NSH4 and GHC?. robots spenslightly more time (41%) in transit than at
C. Representative Detection Signal offices (31.3%) 1.3 times as mucfThey also spent just over

In Fig. 5, we present an example catakingdetection & quarter of their time_loing something glse, Iiklaeg!nni_ng/
signal fom the entire set of GHC9 data. The candy levélndng prarams pausingfor human assisterelocalization
varies as candy gets taken, shifts or is added. The other th&tuck), orrefilling the candy basket.
files have similar detection distributions. There is slightly

more ambient nOise in the CObOt?) _de) than CObOtZ TABLE II. TOTAL TIME DISTRIBUTION BY TASK CONTEXT
signal (+/2cm), perhaps du® vibration, though both are In Transit At Office Other
well under the detection threshold. Total Time (3) 6859 5160 2475

= % Time 21.7% 31.3% 27.0%

35 |

i Overall, people took candy fromhe robots almost twice as

often when they were visiting offices than whitey were in
transit (Table IIl). It makes sensthat more detections
occurred at the offices because that is the only location where
therobots make a verbal offer for people as¢ candyThus,

the surprising result is that so much of the catadyng
(more than on¢hird) occurred while the robot was in transit

25

cm
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s i ; i - TABLE Il INSTANCES(N=148)AND DURATION OF CANDY - TAKING
frames (x 109) Instances # Frames
Figure 5. Detection Results for GHCY: Signal in red, running average in Office 93 (62.8%) 2440 (60.8%)
black and blue X'’s marking the 30 candy-taking detection instances.
Transit 55(37.1%) 1574 (39.2%)
VI. RESULTS
In this section we reviewser comments angliantitative TABLE IV.  REVERSETRICK-OR-TREATINGSSTATS
results. Our statistical analyses include Pearson Chi Squgal@cation Time Transit Detects | Office Detects | Total
tests of correlations between categories of datg.,(X
- 9 3. ( GHC6 10am 18 12 30
conditions strongly relate to the presence of Y), and ANOVA
analyses seeking to establish relationships between mean g&HC9 1pm 4 26 30
sampes (X conditions predict the likelihood of Y level of [sha Tom 11 57 33
outcome).
) ) GHC7 3pm 22 23 55
We will useinstance to refer to candy detection events and

frames as a duration unit of how long people spend taking Impact of Robot Orientation
candy (20 frames/sec, i.e. 50ms each). At the offices, candyO first . tal variabl bot orientati
accessibility was the best predictor of whether people would > ISt €xpeérimental variablie was robot orientation upon

take candy at the office and peo oneéd most often to arrival to thg officesocial or asocial. We also tr_ack candy
fast robdsyaddressinghem di%ctlﬁ@guring transit, people 2@sket locationfront-basket or back-basket. We diagram the
more ofterinterrupedsiow robots ' four possible permutations orientation and basket location

in Fig. & We only look atoffice candytaking detections, as
A. Qualitative Results robotorientation angleonly presents itselfiponrobotarrival

Study conductors were often in earshot during robd® €ach office

operation. Wen the robotsvere facing the wrong direction e find thatpeople's main drive in responding to the robot
many people commerdeanecdotally that a robot had Omadg; candy access not orientation toward the office .dGur
a mistake,O Omlscalculat_ed,o or Ohac_i a bug.O _Thls_ '”d_@\ﬁﬁfénce is thapeoplerespondmost quickly(Table VIl)to a
that they know the robot is facing the incorrect direction ifgpg presenting the candy basket @losest proximity,
the asocial condition. In addition, faster robot motions MaYregardless of overall body facinBuration of candstaking
have intimidated peopleThis is spported by anecdotal \as strongly predicted by which robot was making the offer
comments that thgus: robot wasOkind of scary,0 and OlTaple VvI), ndicating either a strong influence of basket
wasnOt sure it was going to stdpidally, study conductors |ocation or highlighting population differences among the
often overheard people greeting or thanking the robots afigtering floors at the times of day they were visitéée also

taking candy from them in the hallway, despite the latk present statistical analyses that provide further insight into
verbal offer. hey are probably inferring an implicit offer of this data.

candy via norverbal indicators and prior knowledge, feeling o i ) )
no compunctions aboutagiping greeting and/or inviting Contradictingour first hypothesisthere areslightly more
their friends to also take candy from the robot. (1.2 times as manygandy detections response tthe robot



in the asocial condition asthe social condition(Table V). If  how often people will take candy from albot in theasocial

we look at the numbers more closely, most of this effect isondition comparing the 29.6% with the 55.8% in Table V),
dueto the heightenedKelihood of people takingandy from  with respective gvalues of 0.2266 (Pearsdies) and 0.2035
theasocial orientatiomobot withthe backfacing basket (ANOVA). There is a similar lack of significance when
evaluating whether orientation condition predicts whether
peope will take candy from a robot with a frofdcing
baske, although numerically, Table \does show higher

TABLE V. NORMALIZED DETECTIONSBY ORIENT AT OFFICE (N=93):
RATIO OF DETECTIONS TOCANDY OFFERSWITHIN EACH CONDITION

Back-basket | Front-basket | All baskets relative detection numbers for meaecessible social
: . Y o 3
SocalOner 16.9%(14 65.0% 86 3990 or]Lentatlon+k front b?sket setuf65%) as compared tBocial
detects /83) | detects / 4P (401123 + frontbasket(55.8%)
Asocial Orient 29.6% @4 55.8% Q9 40% Our nextmajor finding is that people were more likely to
detects / 8)L detects / 5p (53133) take candy from the robot with frontfacing basket§0%),
All orientations | 23% 8164 | 60% 6592 than the robot with the badicing basket43%), see Table
V. Our theory is that it is more intuitive for the robot to be

offering candy in the &nt, and it also makes sense that the

To evaluate our detection findings statiatly, we earlier in the day visits (GHC6) and less social floors (GHC9)
considertwo measureshow well robot orientation predicts would find fewer people in their offices or open to
whether people will take candyPearson Chi Squarend interaction as they are further from classrooms and transit
how well orientation predictsumber of detections, i.ehow  corridors(Table IV). Our overall Table | numbers also show
many timegeople will take cand{ANOVA). a lower ratio of candyaking detections to offices visited for
GHC6 and GHC9 (Cobot2 floors) than NSH4 and GHC7
&?obotS floors) We see additional evidence tladbot3was
more in demandxin Table VI where mean detéon
duratiors more than doubléor the frontfacing basket (more
candytaking may resultin more overlapping detections). In
fact, aa ANOVA analysis of whether thbasketorientation
alone @n predict detection durations succeeds withvalpe
of 0.0008, i.e., high statistical significance. In contrast,
orientation predicting detection duration has avalue of
0.7872, i.e.jrrelevant.

We find two trends supporting theformation value of
robot orientation toward predicting peopleOs likelihood
taking candy from a robot with a batkcing basket
(comparing the 16.9% ratio to 29.6% ratio in Table V)
Specifically, a Pearsortest correlating orientation condition
to presence of candyaking detectiorfs) across all office
visits with backfacing basketshas a pvalue of 0.0648
(N=164), thus there is atrerd relationship between
orientation and Boolean detection of casdiing instances.

Our second test is to run @&NOVA analysisto see if

orientation condition capredictnumber of detectionsagain TABLE VI.  MEAN DETECTION DURATIONBY ORIENT AT OFFICE*
within the officedetections with backacing basketsjnding Backbasket | Front-basket T Al baskets
a pvalue of 0.0929, reother statistical trend. dh tests _

support the relationship between orientatiod aandy taking | SocialOrient 12.6 (11.9std)| 30.0(29.8std) | 24.0(26.2)
in the backfacing office settingNamely, people are more [ Asocial Orient 14.5 (15.1std) | 38.0 (400std) 273 (33.5)
likely to take candy from a robot with a bafgcing basket in —

the asocial orientationrather thansocial one because that | A orematons | 138(14.0) | 34.2(35.7)

means the candg more accessible awnikible. *Duration inframes(every 50ms)
Finally, we evaluate the mean time that the robots spent at
the offices with detections across thrgentation conditions in
Table VII. Social orientation + frortbasket andasocial
orientation+ backbasket resulin the shortesbffice visits
(i.e., people take the candy quickly and dismiss the robot
when the candy is in closest proxin)its indicated by the
ualitative results, the explanation for this data is not that
eople did not find thesocial condition normal, but rather
that they cared more about the fact that there was candy
present.

Using a smilar approach, we alsfind thatrobots facing
the office with asocial orientation condition arenore likely
to ertice people to take candy if they haf®nt-facing
baskes (comparing the 16.9% ratio with the .6% ratio in
Table V) Limiting our analgis to whethebasketlocation
can predict detectiongvithin each of the two orientation
conditions, we findthat basket location has a stron d
relationship withwhether people take candy from robot in
social orientation(N=123) In fact, the Pearson Test shoas
p-value of 0.0003*very significant). An ANOVA analysis
looking at the effect of basket locatiom predicting candy
taking detections farbots in social facingalso N=123) also
finds significance with a falue of 00019*. Again, candy

MEAN TIME AT OFFICES WITH DETECTIONSBY ORIENT &
CANDY BASKET LOCATION*

TABLE VII.

accessibility dominates response, this time with twp Back-basket | Front-basket | All baskets
statistically significant results. Social 29.0 235 26.2

All of the above resultsupport that people weldeast | Asocial 222 275 249
likely to take candy from a robot in thecial orientation [~Aj orientations 256 755 259
condition with a bacKacing tasket(perhapsbecause it is

*Time in seconds

confusing and less accessibl&tatistically, the remaining
results aboulikelihood of taking candy aréairly similar. For
example, basket location does motrelate withwhether or



D. Impact of Robot Speed

Our second experimental variable wa®bot speed
condition: fast or slow. We find diverging resultdy context
(at office versusin transit). Namely, peoplanore frequently
respondto a fast-moving robot when it approachekeir
office, butare mordikely to take candy from &ow-moving
robotin transit.

We next evaluate whethére higher frequency of taking
candy from the robot approaching an office at high speed
statistically sigrficant A Pearson Chi Square Test of
whether speed conditiortorrelates withoffice candytaking
has a pvalue of 0.141, not quitstatistically significantbut
closeto a trend We alsoperform an ANOVA analysis tying
speed condition to theumber of office detections, finding a
p-value of 0.224b not significant.After combining multiple
We summarizeour overall detectionfrequency results for detections (the 93 office detection instances occur at 41
how often people take candy from the robbig speed offices), we reduce our sample to N=41, out of a total of 256
condition in Table VIII. By far, the lovest detection ratio offices that robots visited successfuMye mayjust not have
occurredduring fast transit (at a rate of 7.2%)r'he next alarge enough sample size
lowest was forslow transit (Z.6%), a large improvement . .
over fast. The highest ratios occurred at offices, 41.1% for  Accounting for opportunity i (see Table X), people
fast and 31.8% foslow. Overall, people took candy at thet@ke candy 1.16 times as often from tier robos
offices most often, marginally preferring thier robot at the aPProaching their office thaheslow ones.

office but generally avoiding thasz robot in transit.

TABLE X. OFFICETIME TOTALS BY SPEEDCONDITION

TABLE VIIl.  NORMALIZED DETECTIONSBY SPEED& CONTEXT (N=148) . X
RATIO OF DETECTIONS TOSAMPLES WITHIN EACH CONDITION Slow: 2607 frame¢50.5%) Fast: 2553 frameg49.5%)
Office Transit All contexts
Slow 31.8% @42 27.6% @5 29.5% Similar to our findings about how candy proximity at the
detects/13p | detects/16B | (87299 office led to a faster response rate, we also find that a robot
Fast 41.1% 61 7.2%(10 23% approaching an office in thest speed conditin leaves the
detects /124 | detects /139 61/263 office sooner(in 22 vs. 29 secondsipdicaing that people
All speeds 36.3% 03256 | 18.2% 65302 may respondmore quickly to the hig#spe_ed robor;_lt _the
office (Table X1). Thoughnot yet substantiated statistically,

the idea thiathe robotOs higher speeduls in higher and/or
faster human ponse rates to robetquest is fascinating
detection instancefindings (Table 1X). Namely the average @S itwoul_din_dicatethat hu_man a@rdance to a robot's verpal
candytaking durationfor a slow-moving robotlastslonger ~communications coulébe influenced by that robot's motion
duringtransit(33 frames), and the average detection duratid?ftt€rns, including the sods that those motions produce.
for the fast-moving robot lasts longer at the offic9(
frameg. In other words, in the speed conditions where people

Mean detection durations wereorgruent with our

TABLE XI. MEAN TIME AT OFFICES WITH DETECTIONS BYSPEED

are more likely to take candy, they also spend more time Slow 29.0 (236 std)
_tak!ng that candy.This may occur becaus_e longer duratl_ons Fast 222 275 S
indicate more candy taking by a single or multiple

individuals. For example, if three people take candy at

overlapping ingérvals, there may be geconds of continuous

detection, while if just one did; it mit be closer to 1.5 Impact of Robot Speed in Transit
seconds of detectiorLonger duration might also reflect a
relaxed attitude with which people take candy (which may Q?ft
particularly relevant for thelow moving transit condition)

*Time in seconds

During the robot transit task, peoplekeéacandy more
en and br longer mean durations while the robot is
moving slowly (Table VIII & IX). We also note that,
statistically, neither orientation nor basket location had a

TABLE IX. MEAN DETECTIONDURATION BY SPEED ANDCONTEXT* statisticalrelationship Wlth transit deteCtionS.
Office Transit All contexts . L .
The speed condition findings do indeed show a trend
Slow 221(@32std) | 32.6(56std) | 27.6(309) | toward predicting how many timgseople will take candy
Fast 28.9 (36.5std) | 14.0 (9.3 std) | 26.5 (34.0) during the robdDs transitBecause of multiple detections
along the pathsw 55 transit detection instances reduced to
All speeds 25.9 (30.4) 29.2 (34.9) N=19 paths with detections (out of 302 attempted paths to an

office). In combining detections, we probably lost too much
information to establish cortations between speed condition
. . . and whether there would be transit detectiofBearson test
_As found in the previous sectiopeople took candy ghowed little support for relationship betweespeed
slightly more often if the robot approached at high speed thagygition toBooleantransit detectionsiith p-value 0.7225).
when the robot approached théfice more slowly(Table  ggcq)se thé\NOVA analysisretains information atut the
V). Note that the robospeed condition set theverall  , \mper of detections on each path, it had better results. Using
transit velocity, which people in the offices would only  gheeq condition teredict thenumber of transit detections

visually or auditorily experience during the robotral e tsin a pvalue of 0.077, aleartrend toward statistical
approach tgosition outside their office dogr

*Duration in framegevery 50ms)

Impact of Robot Speed at Office



significance. Given the small samiee, it is surprisingand believe that thedominant influence on how long people
promising thatve were able to detect this result. detained the robot at their offices was congruence between

. . . r rientation an ket | ion.
In this case, e detection instansefor each speed obot orientation and basket locatio

condition have widely varyingopportunity cost.The slow It was also noteworthy that so many people interpreted the
robot spent twice as mudime in transit as theust one robotsQusocial orientation condition as a miscalculation or

(Table XlI). Even accounting fothis, however, wesee a bug in their verbal descriptions to the study conductors,
strong influenceof speed on people@squency of taking rather than being intentional. This assumption is consistent
candy; peopletook candy2.19 timesas oftenfrom a slow with previous findings in which a cheating robotOs verbal

moving robot as a fashoving robot. misreporting of the correct winng¢t5] or who had won a
rock-paperscissor match [16] were interpreted as
TABLE XIIl.  TRANSIT TIME TOTALS BY SPEEDCONDITION computation errors. Perhaps if we had made owial
positioning more extreme, e.g., continuing to orient such that
Slow: 4632frames(67.5%) Fast: 2227frames(32.5%) the robot was facing away from the person, or if the

repositionirg made it harder for them to get to the candy, we
would see more people interpreting the robotOs behavior as
Given the large numerical disparity between transit candintentional. They might even think it was teasing them.

taking and the statistical trend showing that speed can predict
mean values of canelyetections, there is clearly value in
further exploring the relationship between speed andlg@sp
attributions about robot interruptibility and approachabilit
during transit. To be safe, we recommend the followin
transit speeds for future robot behavioral designs: use slo
speeds if you want peopte feel welcome to interrupt the
robot, and &ster speeds if it is more important for the robot t
complete its current task. These settings could
dynamically altered depending on how over or unde
scheduled your robot happens to be over the course of a d

Numerically, people took candy more often at the offices

after a higher speagpproachThefastspeednay havemade
he robot seemadamantbout its task(we frequently
nthropomorphize maching$7]). Another explanation was
at it was easier to heaa robot approaching in the high

speedcondition In fact, therobotsQuast condition may be

gore salient to peopl&vithin the officesfor both reasons;
und is an important component of motiém contrast,in

Iaddition to being less imtiidating and easier to catch, the
ow robotsmay have also seemed to placsslenportance
ntheircurrent tak.

VIl. DISCUSSION Thus, if researchers want a robot to seem more
As our reverse triclor-treating program was only interruptible to people, perhaps they should include

designed to offer candy at office doors, it was striking th&lPnverbal cues, such as moving atawer speed toward its
over one third of the canepking detections occurred currenttargef that make it seem more approachable.

during transit. Possible explanations fothis apparent

Interactive robots aricreasingly providing services and
ue to people in real world settings. In this work, we
eployed two autonomous robots to deliver candy to four
floors of offices, located in two separate buildings. These

¥ prior knowledge: people knew that the CoBots' taskrobots navigat, localizel and complete their reverse
that day was to share candy, as it has been revetggk-or-treating tasks autonomously, varying speed and
trick-or-treating for several years, and responde@rientationto-office conditions for each office on their list in
appropriately random fashion.

¥ stealing: baskets of candy are very tempting and thus \We weresurprised to discover that natural robot facing at
people take candy without considering/caringhe office had no impact on overall candking behavior
whether the robot would want them to take th&nd that onghird of all candydetection instances occurred in
candy. the hallway.We believe that the costuming and previous
. . ) deliveries communicated an implicit newerbal offer of
Of the 55candytaking detectionghat occurred Wile the 54y 1o bystanders in the hallway. The high volume of
robot was in transit49 consisd of people blocking the eople taking cady during transitand the ubiquitous

robosOpath in order to take candy, with only 6 instances Qi ckingof the robot®s path supports this deduction.
people taking candy from a robot's basket while it remained

in motion. Because of how people were interrupting the Our most important statistical findings were that a
robot, we béeve thatnon-verbal offer andprior knowledge robotOs social positioning Isss important than candy
were most powerful. accessibility and that people prefep tinterrupt a rbot

. . moving slowly, rather than onmaoving quickly.We believe

Our orientation results demonstrated thabots do not yat peopleds desire to take candy overwhelms any concern

need to behave like people if they are enabling activities thmiéy mighthave about a robotOs corrsetial facing and
people are intrinsically motivated to comple¥®hile basket nhat siav robots seem moraterruptible than fast robotin
location alone had no impact on how long the robot spent gfgition, peopk take candy more oftemdquickly from the
each office, if the beket location matched the robacing ¢, ropot a the offices Thus higher speed approaches may
angle, people could collect candy more efficientiius, we “he more salient to people for a robot making a direct request.

¥  non-verbal offer: the costuming and presence of &al
basket of candy implicity communicated an offer ford
people to take candy to which people responded,



In future work, it would be useful to compare these[14] J. Biswas and Mvelosg Q.ocalization and Navigation of the CoBots

results toa study in which theobot were to aslpeopleto

complete a less desirable task, such as filling out a survey.dg]

such cases, we might find stronger effect from natural
social positioning (why botheresponding tca robot facing
the wrong direction), and lowénterruptionfrequencyduring

transit even with clear brochures and heavy advertisement.

Over Longterm Deployment®international Journal of Robotics
Research, December 2013, vol. 32, no. 14, pages 1669%4.

M. Vazquez, AMay, A. Steinfeld, and W. ChenA@eceptive Robot
Referee in a Multiplayer Gaming EnvironmgdinProc. Int’l Conf.

on Collaboration Technologies and Systems, 2011.

[16] E. Short, J. Hart, M. Viuand B. Scassella)No fair!!: A interaction
with a cheating robd® in/nt’l Conf. Human-Robot Interaction, 2010

We would also be curious to see how these results would! B- Reeves and C. NasSe Media Equation: How People Treat

generalize to other task applications.
In summary, this worlrovides several key insights:

¥ Robots do not need to behaveeligeople if they are
enabling activities that people are intrinsically
motivated to complete.

¥ People can interpret nererbal indications that a robot
is offering candy withouanexplicit verbal offer.

¥ People arenore likely to interrupt aobot ina low
speed condition, thuspbot transit speedsuld be used
to influenceoperational and interaction goals.

¥ Human accordance to a robot's request may be
influenced by that robot's motion patterns.
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