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Abstract - In this paper, we describe BuildBot, ahotic in-
terface developed to assist with the continuouggration process
utilized by co-located agile software developmesarhs. Build-
Bot’s physical nature allows us to engage the agslgftware de-
velopment team members through vision, hearing aodch. In
this way, BuildBot becomes an active part of thevdpment
process by bringing together human-robot interagtiohuman
group dynamics and software engineering conceptsotigh a
number of interaction modalities.

In this paper we describe the design and implemeiota of the
BuildBot prototype, a robotic interface that can rsse virtual
stimuli, in this case the state of a software byiland react ac-
cordingly in a physical way via vision, sound anouch. We pre-
sent an early evaluation comparing BuildBot to twaiher tools
used by an agile team to monitor the continuous dgtation
process. We also show preliminary results indicatithat Build-
Bot may be more noticeable to the developers amutrifoute to a
fun and lighthearted atmosphere.

We argue that by increasing awareness of the stafethe
software build, BuildBot can assist in the self-seiwision of agile
software engineering teams and can help the teanhiece its
goals in a more engaging and sociable manner.

|. INTRODUCTION

Robots can easily interact, perceive and act in tuogh
virtual domain of computers and the physical realnmwf
mans, and therefore promise to offer an effectiteriace
between the two. Robots allow for visual, audio taxdile
interaction modalities, which can be used to enhahee
interaction experience humans have with either physic
virtual entities. We believe that agile software eegring,
with its human-centric practices, can benefit from tise of
a robot that can assist with two major agile concegun:
tinuous integratiorandknowledge sharing

Continuous integratiors used by agile teams working on
a common piece of software. Every time developersiche
new code into the shared source code repositoryeritiee
software is built, deployed and tested against a sdite
automated regression tests. Ideally, these kinds of éheck
occur frequently.Continuous integration with regression
testingand frequent check-ins of tiny increments ensure th
existing functionality is not broken by the new colesim-
ple bug which may take only a few minutes to repame-
diately after it is introduced into the code base/ rad up

After finding newly checked-in code in a repositosy
continuous integratiorserver builds and deploys the soft-
ware, then executes all tests. If one of these teiss tiae
continuous integratioserver sends an indication to the last
person who checked-in code. This entire process ocours i
the virtual domain. It is the responsibility of thtgam
member to ensure that a reported bug is resolved immed
ately, for example by reverting to an older versanby
fixing the problem in another way. If the bug fixdelayed,
other team members might synchronize their code with
broken version of the system — resulting in even rethat
required to resolve the problem. We are interestednin
engaging and sociable monitoring technique that erit
courage team members to “do the right thing”, avgdi
dryer and perhaps more threatening approaches suubsas t
requiring the project manager’s involvement.

Excepting face-to-face communicatidmowledge shar-
ing is achieved in agile teams through information radga
These are openly displayed artifacts or other meamshimh
developers can gain knowledge about the state qfrthject
without explicitly seeking it [1]. A multimodal syst can
enhance the way the knowledge is shared without biegom
a distraction to the intended audience. Human-Coenput
interaction has a related conceptbient data displays
which present information so tHane does not even need to
be looking at it or near it to take advantage of isipheral
clues’ [2] These types of displays are often very simple and
use color, sound and motion to convey information.

We believe a robot has the potential to be an éffeets-
sistant to an agile team. Robots possess the abilgiysi-
cally respond to virtual stimuli, bringing awarenestiin
mation from the digital realm into the physical and
vice-versa. Robots are equipped with input sensors and
output actuators that can allow them to become iavadile
physical component of the agile team physical setlifg.
believe robotic embodiment of the state of the safviauild
fan help an agile team collaborate more effectjvespe-
cially if the robot is allowed to physically interagith the
team members. In this environment, a BuildBot wadtlas
Qdynamic information radiatorthat changes according to
the circumstances, rather than a static radiatorctwtginds
to get ignored [1]. Information exchange thus osdaran
ambient manner, in the physical context of humagg [1

costing significant numbers of person-hours once matte co

has been written around itoGtinuous integratiorencour- Our BuildBot is used as an ambient & interactive data

ages clean design and prevents problems later on itethe display and is applied toontinuous integrationNot only

velopment process, since bugs can be caught eailier [9 does it provide important information pertainingtie cur-
rent build status, but it also keeps the team focusetthen



goal of finishing the project and verifies the diéfet parts of
the software integration properly. In addition, Bi#bt in-
creases accountability and enhances the team’s skase 0
complishment because the project is being successfull
tested.

In Section I, we will describe previous work in theb-
domain of agile development and related human-ratot
teraction (HRI) efforts. In Section Ill, we will irdduce Fig.1 The two Java Lava Lamps used to displaythilel status.
BuildBot, our proposed solution. Section IV descrilties

high-level design approach for the overall BuildBgstem, ,,cess the continuous integration server is connéated
and in Section V, the low-level implementationtué system  ~gntroller that sends a signal, 0 or 1, to an eledtpower
is explained in detail. In Section VI, we will preséne re-  gytiet receiver. The receiver is connected to twa lamps.
sults of a preliminary evaluation performed on a grofi  only one of which has power at any given time. ln¢hse of
participants comparing BuildBot with two other buiidti-  a successful build, the green lamp is turned on.dretrent
fication mechanisms. Future work is outlined in Secidl.  of a build break, the red lamp is turned on. Siaga lamps
take a few minutes to heat up, it is possible tiohiglv long
I1. PREVIOUSWORK the build has been broken. This delay affords theldpees
the opportunity to fix a broken build before thedaamp

Kidd [11] discusses different uses for sociable robots. Hedicates that the build has been broken for a long.tThe
describes the transition between using robots as tools gayful nature of the lava lamp encourages the dpess to
simple entertainment devices (such as an industriat mt@ fix the build without requiring the involvement tife project
children’s toy) to becoming partners that interacthwiu- manager.
mans. While still limited in their capabilities, emerg ro-
bots are designed to interact with their users sodigbéind
to integrate in a social setting as peers and tearsmal
[11-13]. The goal of BuildBot is to develop a
near-autonomous robotic partner or colleague, dedignd
tuned for a focused agile software development sceital
ting.

A study by Saff and Ernst [10] evaluated continuimus
tegration when used by a single developer to ensure ne

code passed regression and unit tests. They found thathe main design goal behind BuildBot was to use tile a
continuous  integration had a positive effect on thgsam's collective awareness to create an engagidgian

completion of programming tasks. Their study shows thgyo| that helps the team fix broken builds as quicdypos-
individual developers benefit from continuous testfly sjple.

their own code. However, we are interested in wags th ) ) ]
different Continuous Integration tools affect Agbams asa  |f néw code integration causes one or more testsilto fa
ngﬁle methods (such as eXtreme Programming [3] Otpe build is considered broken. In this case, BuildBalks
Scrum [4]) refer to human-centric software engiiregr to the individual whose code is responsible for tettira
methodologies that advocate the development &nd displays to the team that it is not happy with tea
high-quality software using short iterations. Agile huets veloper, in a friendly, funny, and playful way (Eig 2). The
rely heavily on automated regression testing to ensure timing of this walk is important — BuildBot's delibeedy
ternal software quality. slow and dramatic walk serves two purposes. It aleds th
According to Kent Beck, &n interested observer shouldteam to the broken build via ambient sound and visues.
get a general idea of how the project is going in Idbeds. By sending an e-mail to the responsible individualjldBot
He should be able to get more information about real aalerts him/her to the failed tests and gives him/imee tio fix
potential problems by looking more closé[] This can be the problem. After a few minutes, the dog begins atkvio

achieved using ambient data displays. The benefitsbea the workstation. This creates a playful tension asother
seen by outside observers and the development tearh megam members wonder where the dog is going.
bers. They can quickly assess the state of the projetthas

provides encouragement and an incentive to improve. By giving the responsible individual a lightheartettia

Savoia [6] has created an ambient feedback dewice friendly ‘punishment’, BuildBot introduces more taree
continuous integration, théava Lava LampThere are two accountability. It avoids potentially unpleasant confa-
lava lamps involved, one green and one red (FiguréHe tions (for example, between a team leader and eldjgsr)
green lamp represents a successful build, and themgmla and it introduces a mild social incentive to fix theblem
build in which one or more tests have failed. Timisglso without having to involve a superior.
significant; because the lamps take a few minutes tonwa
up, the bubbles mean the lamp has been on for askeastal
minutes. For a green lamp, this is good, however, leshb
the red lamp indicate a problem.

To integrate Java Lava Lamps into the development

While this approach is simple, it only makes use of Visua
information and this requires developers to pollah®ient
isplay. A better solution would eliminate the needgoll-
ing and instead utilize information osmosis. In thisywa
information would become available for developerghauit
causing a distraction.

I11. BuiLDBOT



less connection. This command contains the build status,
name of the build-breaker, and other pertinentrmédion.

V. ROBOTIC INTERFACE INFORMATION

In order to create BuildBot, it was necessary to have
robot with several capabilities and features. To paisi
interact with the team members, the robot needs #bleeto
walk with stability. It also needs to gain informat@aoout its
environment through vision. In order to act as aarimftion
radiator and provide ambient build information, sbwor
LED lights (or both) are necessary. To communicath thie
continuous integration server, the robot needs wisetes
pability. Lastly, the robot must be easily programreabl

Fortunately, advances in robotics have resulted ot
that are powerful, affordable and compact enougmagie
BuildBot feasible. The robot used for the BuildBots-i
plementation is the most recent model of the SonyQA\IB
robot dog, the ERS-7 [8].

A. Hardware

Fig-2 BuildBot arriving at a developer's desk. The AIBO is ideal for an ambient information radiags

it combines motion, visual, audio, and tactile comgus. It

can move its head and four legs, and comes equipjledw
V. DESIGN APPROACH camera, two microphones, a speaker, LEDs in variooss;o
wireless capability, touch-sensitive buttons, and senfgor
temperature, vibration, distance and accelerafibe. robot
is also zoomorphic, in the shape of a cute puppy,thatd
adds to the feeling of fun and lightheartedness.

There are four different components, excluding timt,
involved in communicating with BuildBot. The aratture
and inter-component communication are shown in [eigur

below.
B. Robotic Behavior
Developers . . BgiIdBot’s _behavipr.is eve_nt-based. The robot staytsin
L Awareness information starting position until it receives a message fromrttes-
oy UPload new code (physical) sengerregarding the build status. If the build is broken,
Repository BuildBot identifies a developer by moving to his/kesrk-

station.

When creating the first prototype of BuildBot, it sva
necessary to simplify complex details such as the visidn a
planning algorithms. In order to allow the dog talkvto the
team member’'s desk, we designed a vision algorithm ana
lyzing the streaming video from the robot's eye (mnem
integrated into the end of its nose). For simplicaytree
. structure of guide-lines were placed on the fldarthis tree,
SRIHITEESS nessage each leaf terminated at a developer’s desk and toiwed

Fig.3 BuildBot system architecture. BuildBot to easily navigate to a specific workstatigging
the the simplest route. The lines on the floor hjanetions

Therepositorycontains the software currently being dewhich branch at 90 degrees (Figure 4). Perpendijuie-
veloped by the software team. Whenever a change-is Wgns simplify the junction detection algorithm soath

Ioadgd to thg shareq code repository by a team memhiaae BuildBot can easily distinguish junctions from curves.
continuous integratiorcomponent runs a script that inte-

grates the entire team’s code. The build results arevie

email to theemail serverwhich stores these messages fc -
retrieval. Theemail servercan be external, for example,
Google’s Gmail.
The final component, thenessengeris timed to check
email from theemail serveand to download messages ser

from therepository If there is a new message on thealil
serverregarding the build, thmessengeopens a socket to
the robot and sends the appropriate command ovevitbe

run regression tests

Continuous
Integration Server

send results of recent build

[Email Server |
relay email messages BuildBot

Messenger |

Fig.4. A straight line, a curved line, and a juonti



When walking, the dog tracks junctions and consults afas passed the correct number of junctions to beeatdr-

internal map, in the form of a matrix, which givesedtions
to each workstation. For example, in Figure 5 belawrder
to get to Naomi’s workstation, BuildBot will turn tedt the

first junction, go straight at the second, and tightrat the

third. A ‘0’ in the next junction means that there ao more
junctions.

{LEFT.
{LEFT.
{LEFT.

STRAIGHT,
STRAIGHT.
STRAIGHT,

LEFT. 0%}, ~~ Greg

RIGHT., 0}, -~ Haomi
STRAIGHT, LEFT}. ~~ Kenji
{LEFT, STRAIGHT. STRAIGHT. RIGHT}. -~ Wei
{LEFT, RIGHT., 0. 0}. ~~ Iwvor

{RIGHT., STRAIGHT, LEFT. 0}. »~ Janes
{RIGHT., STRAIGHT, RIGHT}. -~ Ewan

{RIGHT. RIGHT. 0} ~»~ Tom

Fig.5. An example of BuildBot's internal map.

rect desk, if not, the robot is assumed to be lost. Agbe
robot detects a type of junction at which its nexntin-
struction is not possible (for example, to go left aat
right-only junction), it also becomes lost. If the obken-
counters a junction whose junction number is highan the
number of junctions (a result of perhaps having wipng
identified a junction where there was none, for eplai
BuildBot assumes it is lost. When it becomes lost, Batd
stops and calls for help by playing a quiet whiningreb
until it is placed back on its power station.

After intersection detection, the major componentthef
robotic implementation were completed. Aesthetic gom
nents, such as posture and barking, were added afterwar

Occasionally, a developer will fix the broken builefore
BuildBot arrives at their workstation. In this case, thbot is

Once BuildBot reaches the end of a line and has pass¥e to turn around and return to its starting pdeitpwing

the correct number of junctions, it has arrived stgbal.

the line. The algorithms for going to a desk andrreng to

BuildBot then looks up and gently ‘punishes’ the tearfne power station are almost totally identical, gtder that

member by barking and growling. This robotic reg@imd
will cease when the build is fixed, or when the roderises a
touch on its head sensor.

C. Low-Level Implementation

the junctionCount variable is decremented rathen tima
cremented. Also, when turning, BuildBot will turn the
opposite direction to its map matrix when returniogthe
power station.

Similarly, if the robot senses its battery power i3G#0, it
will immediately return to its power station. It Wilontinue

The robot's behavior is controlled using the C++ progg growl until it senses the build has been fixed.
gramming language and the Tekkotsu development frame For the continuous integrationserver component, the

work [7]. The first step in implementing BuildBot's leevior
was to program the robot to follow a single linetbe floor.
This was done by acquiring the vision stream via Tedko
and thresholding the intensity values to create apeuzay.
The line detection algorithm is straightforward —rgv800
milliseconds, the midpoint of the binary one valuepie-
senting the line) in every horizontal row of thedyiparray is
computed and the mean of these values is comput#ds If
midpoint is off center, the robot will rotate itsafcordingly.
The robot can follow curves, as long as they are oot t
sharp. The line color must be sufficiently contragtmith
that of the floor — the best choice of line colofligrescent
pink. Pink has the highest intensity and is sufficiemélre
that there is a reduced chance of the robot mistakimge
external brightly-colored object as the line. Irr ¢@st en-
vironment, our lines were eggshell white and the fiaek-
ing algorithm proved to be stable enough for ouppses,
even under the inconsistent and changing light cramditin
our lab.

After implementing the line-following component,eth
next step was to include support for the detectibjuic-
tions. After the line direction has been detected|dBot
attempts to detect an intersection to the lefftrigr in both
directions.

The internal map inside BuildBot contains directions o

script was written using Apache Ant. It includes thedgsg
of an email, which contains the person who last wgmledde
to the repository, as well as the build status.

The messengecomponent was written using Java. It re-
trieves BuildBots email messages from Google’s Gmail, and
parses the latest message for the build status. Isdrats the
build status (and, if broken, the last person to uptmade) to
BuildBot through a wireless socket.

VI. PRELIMINARY EVALUATION

Although a formal, thorough user study was not yet
performed, two preliminary evaluations were donehvét
peer group. The first was done with 4 developers,thad
second a group of 10 developers. Both groups were afmi
male and female graduate students between 23 aneads y
of age. The experiment was performed in a laboratgtly
chest-level walls and with a layout as illustrated igufe 6
below.

how to get to each team members’ desk by followirgy th

junctions. For example, a certain developer’s wotlsta
BuildBot would turn left at the first junction, goratght at
the second, straight at the third, and turn righhatfourth,
following the line until it ends, meaning it will ia arrived
at her desk.

There are several circumstances under which the robot

can determine that it has become lost. If the robs¢d the
line (or if the lighting is too dim), the robot witheck if it



to them. These two studies were done on these twotdays

measure the effect of novelty on the developers.
| | | BuildBot The results of the first evaluation were as follows: Whe
° P ° e the email was sent, only the two who had email ruatifon
programs noticed (within a reasonable amount of)tirime
— [ one case, just after the last run, one person cheokedail
work and saw all the email notifications at once.
o | |o ° station Generally, when the lava lamps were switched in con-
N junction with the email, only one person heard thek of
.l = ~ '?en the power switch (and this person did not have arcalew
8 L) of the lava lamps from their desk). Of the people wé&o
|| = || e sponded to the change, half had noticed the lamp had
o changed, and half had only received the email. thiwere-
® ® P P spondents who responded to the sight of the lava laraps w
| | | O | getting up and walking around the lab when theycedtthe

lamps had changed.
When BuildBot was deployed, all four participants ever
Even though the students were not involved in the saragerted by the sight or sound of the robot walkingreE out
project, the purpose of this study was to assess houtieéie of the four participants noticed when the robot wear their
certain notification mechanisms were, and what effleey gesks.
had on the participants. These notification mechasism  The participants didn't seem to notice the lava lsmp
would be potential candidates for use in a develoyrea- even though they are in a prominent location. Hawev
vironment for notifying the developers of a buileak. when BuildBot was deployed, the combination of sigid
The case in which the build is successful, where Buildsound resulted in everyone noticing the robot whemai
Bot does not move from its starting location, wastasted near their desk. As a result of this, every one ofpidaici-
with developers. This is because the absence of thé¢'sobgants agreed that the robot was a distraction. Howevery
movements is an indication that the build is fineisT®iudy one of the participants also either agreed or stroagtged
was aimed at determining the effectiveness of differethat the robot also contributed to a fun atmospheuslita-
mechanisms to notify developers that there is a pmeble  tively, we observed that the energy in the roomeased
Three such mechanisms were compared: email (onlyjgticeably when the robot was walking to a develspdesk
the lava lamps (see the Previous Work section), andehe — the participants talked to each other more edtiyitavere
ploying of BuildBot to one of the developers (plumail).  more alert and got up from their desks to checlernrabot’s
The first notification mechanism, email, was sent withocation.
the message “BUILD BROKEN" to all developers. No  During the second evaluation, the results were more
physical notification of any kind accompanied thissm  polar. The lamps were switched six times during these
The lava lamps were displayed in a prominent positiosf the second study, and only one of the participanticed
in the laboratory so that any developer could s&erit their  only one of these changes (and that was when haeetiio
desk (some had to turn around to see them, as they wgfe room and found the red lava lamp lit). The tpba the
facing the opposite direction). They were switchB@oon  other hand, was sent out twice, and both times, eighof
(switching the illuminated lamp from red to green othe ten respondents noticed it. The respondents vehoad
vice-versa), and this was combined with an emaitialpall notice the robot were out of the room when it ran.
developers. The mechanism controlling the lava lamps’ During both days, the developers nearest to BuildBot
power source makes a clicking sound when the switch ogeticed it when it was near them, even if it wastdther
curs, so this also alerts the developers via sound. side of a cubicle wall. On the first day, it took figipants an
The third mechanism, BuildBot, was deployed to a dexverage of 5.1 minutes to notice BuildBot. On theose
veloper, selected randomly, and this was accompdayi@h  day, it took participants an average of 3.3 minutes.
email only to that developer. For some participants, especially those listeningde m
While the students worked at their workstations orrthesic or talking to other people during the study, tday not
individual tasks (unrelated to each other), a natifan (of notice the robot until it was near their workstati@ome
one of the three kinds mentioned above) was senfrbet. participants were more distracted by the robot's mwgs
participants were instructed to notify the study featibr because their desks face outwards, towards aisleways the
privately, using an instant messaging program when theybot used to arrive at different desks. Participarits did
noticed the robot, received an email, or noticegl va not find the robot's movements distracting had deblas t
lamps had changed their state. Sending an instargages faced the walls of the lab.
ensured that no participants became aware of a change Figure 7 shows the data collected from the post-study
through this communication. questionnaire.
This study was performed on two different days. Gn th
first day, the four participants had not seen the trobdhe
lava lamps in action. On the second day, the tencfEants
had seen the robot and lamps in action before anel wssrd

Fig.6 The laboratory layout for the study.



Day 1 - 4 participants

Alerted more effectively |

3/4 |

by BuildBot.
Strongly Strongly
disagree agree
The sound of the robot =
was distracting. = e 2 2
The movement of the robot =)
was distracting. | 9 | g | g 2! I
BuildBot contributed
to a fun atmosphere. | 2 | g | g 1 I

Day 2 - 10 participants

Alerted more effectively |
by BuildBot.

10/10 |

Strongly
disagree

The sound of the robot
was distracting.

The movement of the robot
was distracting.

BuildBot contributed
to a fun atmosphere.

2 response

1 response

No responses

=0

4 responses 3 response

Fig.7 The post-questionnaire results from botllist

keeps the development team focused on the task atthand
is, to efficiently develop software whose componentskw
together seamlessly. We believe that BuildBot ma dgine
team a sense of accomplishment and progress toward a
shared goal. The robot has the potential to increasalenin
this way and to keep the social environment moreaging
and fun for the agile developers. BuildBot's visuatl &u-
dible presence provides a sense of project dynamics and
progress to any developer collocated with it. The tsagtu
sound of the dog approaching a team member’s wortstati
will provide that developer with a positive sociaténtive to
fix the build — avoiding situations of potential emizes-
ment, resentment or discomfort that may result ifshme
developer was to be approached by the project manage
We believe that a team practicing Agile Methods doul
benefit from a robot that could continuously access\ti-
tual information and express it in a physical way, drely
simple ambient data. Since robots, perhaps simitarlyu-
man software developers, actively exist in both thesjial
and virtual realms, we believe that they are weilesuifor
various tasks in the agile software development saziabl
setting.

| X. REFERENCES

Developers were easily alerted by the movement of

BuildBot, but found it somewhat distracting when thbot

was in motion. Despite this, most developers felt that

robot contributed to a fun atmosphere.

From these results, we conclude that BuildBot clearlil
was more effective at alerting developers when axgba

occurred. Although it was somewhat distracting, thoe tzat
most developers felt that BuildBot contributed feeling of
fun indicates that it supports the Agile methodology.

VIl. FUTURE WORK

Although an informal evaluation was done in our, ldie
next step is to perform a formal evaluation of ouprapch
with a group of developers in industry in order ttedaine
if BuildBot is actually helping the team.

BuildBot should also be tested in a longer study to de-
termine if it helps a team in the longer term. Featstudies

could also involve multiple BuildBots alerting difémt
teams located in different rooms, different floors,esen
different buildings or cities.

The robot in its current implementation is not afolee-
charge its own batteries at its base station. Thisheiles-
sential if BuildBot is to be used for more than a teours.
BuildBot should be able to find its own power statiming
its camera.

Other aspects of the system that may be implemented in

the future include different mechanisms to give tog d
more lifelike demeanor — examples of this includeffsrg’

the air menacingly, or implementing a more realikimking
gait (instead of the default walk, in which the dealks on
its elbows).

VIII. CONCLUSION

[1] A. Cockburn,Agile Software Development: The Cooperative Game
Agile Software Development Series, 2001, pp 70-80.

M. Weiser, J. S. Brown. "Designing Calm TechnolqdgybwerGrid-
Journal, v 1.01http://powergrid.electriciti.coml.01, July 1996.

[3] K. Beck,Extreme Programming Explainedddison Wesley, 2000.

[4] L.Rising, N. S. Janoff, "The Scrum Software Deypahent Process for
Small Teams," |IEEE Software vol.17,n0.4, pp. 26-32,
Jul/Aug, 2000.

[5] S. Baker. Agile in Action: Informative Workspace
http://www.think-box.co.uk/blog/2005/08/informativeorkspace.ht
ml.

[6] A. Savoia, “eXtreme Feedback for Software Developthe2004.
http://www.developertesting.com/archives/month20920040401-e
XtremeFeedbackForSoftwareDevelopment.html

[7] E. Tira-Thompson, N. Halelamien, J. Wales, D. Surétzky. Tek-
kotsu: Cognitive Robotics on the Sony AIBO
http://www.cs.cmu.edu/~tekkotsu/media/tira-thompgmmO04.pdf

[8] Sony AIBO home pagéttp://www.sony.net/Products/aibo/

M. Fowler, “Continuous Integration”. May 2006.

http://www.martinfowler.com/articles/continuouslgtation.htmi

[10] D. Saff, M.D. Ernst. An Experimental Evaluation Gontinuous
Testing During Development, limternation Symposium on Software
Testing and AnalysigISSTA '03, p76-85, Boston, USA. July 11-14,
2004.

[11] C.D. Kidd, Sociable Robots: The role of presencd task in hu-
man-robot interaction. MSc thesis, Massachusetstime of Tech-
nology, June 2003.

[12] M. Xin., E. Sharlin Exploring Human-Robot Interaxti Through
Teleprescence Board Games. In Proc. ICAT 2006,urediotes in
Computer Science, Volume 4282/2006, Springer (2006)

We believe BuildBot has great potential to play g si

o . . ) . ¢ [13]
nificant role in an agile software engineering eorinent. It

C. L. Breazeal. Designing Sociable Robots (InteligRobotics and
Autonomous Agents). The MIT Press (2002).






