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ABSTRACT

Active Learning Environments with Robotic Tangibles
(ALERT) are mixed reality video gaming systemsthat use
sensorsyvision systems,and robots to provide an engaging
experienceghat may motivate hitherto underrepresenteftinds

of learnersto becomeinterestedn gamedesign, programming,
and careers in science, technology, engineering, and
mathematics. Through the use of fiducials (i.e., meaningful
markers) recognizedby robots through computer vision as
just-in-time instructions, users engage in spatially-based
programming without the encumbrancesof traditional

procedural programsGyntax and structure. Since humans,
robots, and video environmentssharemany inherently spatial
qualities, this natural style of physical programmingis

particularly well suitedto fostering playful interactionswith

mobile robots in dynamic video environments. As these
systemsbroadenthe capabilities of video game technology
and human-robotinteraction (HRI) they are lowering many
existing barriersto integratedvideo-robot gamedevelopment
and programming Diverse ALERT video game scenariosand

applicationsare enabling a broad range of gamers,learners,
anddeveloperdo generateand engagein their own physically
interactivegames.

Categoriesand Subject Descriptors
H.1.2 HumanFactors,H.5.2 Interactionstyles, H.5.5 Interactive
systems,J.1 Education,K.3.1 Collaborativelearning

General Terms
HumanFactors

Keywords
Robotics, Education, Collaborative learning, Tangible
interfaces

1. INTRODUCTION

1.1 Robots and Video Games

This paper presentsa new interaction and development
paradigmfor video-robotgamedevelopmentand play. Video

gamesare becoming more and more physically interactive

throughthe use of low-cost sensorg(e.g., accelerometersand
computervision systems. Robots, which have always been
physical, are becomingaffordable and ubiquitous. Likewise,
robots are incorporating a greater variety of sensorsand
advancedcomputervision systems. Most importantly, robots
and mixed reality robot systemsare becoming more playful!
Theseconcurrentadvancesare creatingnew synergiesfor the
advancementof video games and novel human-robot
interactions(HRI) throughplay and learningexperiences.

Advancesin the technologicalmedium of video gameshave
recentlyincluded the deploymentof physical activity-based
controller technologies such as the Wii [Shirai et al. 2007],

and vision-basedcontroller systems,such as IntelOsMe2Cam
[Intel Corporation]. The rapid deployment of millions of

iRobot Roombahome robots [iRobot Corp.] and the great
popularity of robotic play systemssuch as LEGO Mindstorms
andNXT [LEGO Group] now presentsan opportunityto extend
the realm of video gameadvancesevenfurther, into physical
environmentsthrough the direct integration of human-robot
interaction techniquesand architectureswith video game
experiences.

Over the pastthirty to forty years,a synergisticevolution of
robotic and video game-likeprogrammingenvironments,such
asTurtle Logo [Papert1980], has occurred.At the MIT Media
Lab, these platforms have been advancedthrough the
constructionistpedagogies,research,and collaborations of
SeymourPapert,Marvin Minsky, Mitch Resnick, and their
colleagues,leading to Logo [Logo Foundation], Star Logo
[Resnick1991], programmableCrickets and Scratch[Lifelong
Kindergarten]and Lego MindStorms[Resnick 1991]. In 2000,
Kids Room [Bobick et al. 2000] demonstratedthat an
immersive educationalgaming environmentwith projected
objectsand characterdn physical spaces(e.g.,on the floor or
walls), could involve children in highly interactive games,
suchashide-and-seekin 2004, RoBallet [Cavallo et al. 2004]
advancedthese constructionistactivities further, blending
elements of projected virtual environmentswith sensor
systemsthat reacted to children dancing in a mediated
physicalenvironment. The realm of toys and robotic pets has
also seenthe developmentof a wide array of interactive
technologieqe.qg.,Furby, Aibo, Tamagotchi)Jand more recently
MicrosoftOsBarney [Microsoft Corporation1997], which has
been integrated with TV-based video content. Interactive
robotic environmentgor educationare now being extendedto
on-line environments such as CMUQOseducationalMars rover
[The Robotics Institute at CMU], and becoming popular
through robotics challenges such as FIRST Robotics
Competition [Center for Youth and Communities, Brandeis
University, 2005], BattleBots [BattleBots], and Robot World
Cup soccertournamentgRobocup].



Video game technologiesare also extending their range of

impact in education through game development
environments)n which childrengetto createtheir own games.
In the LifeLong Learning and Design researchgroup at the

University of Colorado at Boulder [The Centerfor LifeLong

Learning and Design], the constructionistactivities have
integratedtechnologywith traditional crafts such as sewing
and weaving. An exciting quality of thesenew gaming and

programming environments,which engage users in self-

motivated and collaborative gaming activities, is that girls

and underservedminorities are readily adopting them

[Buechleyet al. 2008].

1.2 Architecture

The Create (producedby iRobot, which makesthe popular
Roombaautonomousvacuumingrobot) is the foundation of

that architecture.lt is designedto be a relatively low-cost,
user-friendly platform, programmable and physically
expandableby userswho are interestedin robotics but may
not have the time, tools, or expertiseto build their own

mechanicalrobotics foundation. Using the Createlets our
researchfocus on programmingand interactions,while also
making our results highly accessibleto schools, museums,
and individuals who canthus apply the sametechnologiesin

their own environments.

We haveequippedthe iRobot Createswith cameraghat enable
them to Osee@he physical environment. In the physical
environmentwe usefiducials [Fig. 1] or OmeaningfumarkersO
to provide just-in-time instructions to the robots. The
fiducials can be placed physically or projectedonto the floor
or attachedto the robots [Fig. 5]. (We have also, at times,
presentediducials on PDAOsmobile phone screensand other
mobile devicesthat are easily carried by people and robots.)
The instructionsassociatedvith eachfiducial allow the Create
to respond,in realtime, to its dynamicenvironment.

In developing this system architecturewe first used a
MacBook laptop computerplacedon the Createand used the
MacBookO€amerato acquireimagesof the environmentand
fiducials. Later, desiringa more stablecameraand a lighter-
weightrobot, we useda wirelesscamerato transmit the robotOs
view of theworld to a remote MacBook or MacBook Pro. The
computers,running OSX, use reacTIVision computer vision
software[reacTIVision1.3] to recognizethe fiducials and their
angle and position in the robotOdield of view. Javasoftware
written in the Eclipse IDE then translates instructions
associatedwith the fiducials into RoombaCom library
commandgRoombaComm]which are wirelessly transmitted
via Bluetooth to the Creates@luetooth Adapter Module
(BAM).

Figure 1: ALERT robotic pets,a frog and bird, with
projected virtual fiducials; fiducials on the robot also
facilitate interaction.

The ALERT roboticsarchitectureenablesthe use of fiducials
for direct control. The simplestway to usethe fiducials is as
just-in-time instructionsto the robot: usersshow the robot the
desiredfiducial preciselywhenthey want the robot to execute
the associatedommand. A slightly more sophisticatedvay of

using fiducials is to place one or more in the physical
environmentin a location that the user anticipatesthe robot
will traverse. Another version of this scenariois to place a
seriesof fiducials in a sequencethat instructs the robot to

movefrom onefiducial to the next(e.g.,go forward, turn right,

go forward, turn left, go forward, you@veencountereda
whirlpool so spin and make sounds,you seea dangerzone so
do a u-turn, etc.). If the user wants the robot to have more
autonomousbehavior, fiducials may be placed in a less
sequentialmanner. One of the most basic versionsof this

scenariowould be to placea largering of fiducials around a

spacejn effectcreatinga boundary border,or fencethat would

Obouncee robot aroundwithin the space. An extensionof

this approachcould be usedto createa labyrinth. A more
open-ended/ariantwould be to placefiducials in the physical
environmentmore sparsely. When encounteredthe fiducials
might instruct the robot to veer away from one fiducial or set
of fiducials (obstaclesyndtoward others, or they might elicit

a behaviorsuch as a danceor song from the robot. The
placementof ambientfiducials raisesthe issue of perspective:
a robot orientation,in which a right-turn fiducial instructs the
robot to turn 90 degreedo the right, vs. aworld orientation, in

which a fiducial might instructthe robot to go north.

Since fiducials simply serve as instructions they can be
extremely flexible: their use and meaning is ultimately
boundedonly by the creativity of the user/programmelsee
section4). Fiducials can be variously employed-- as targets
for robots to follow and keep within their field of view, as
Osensorévents,as x-interrupts, as new individual commands,
or as sequencesof procedural commands.They can be
variablesor variableflags (you havea key and can now unlock
the treasurechest); they can elicit randomizedevents(go left,

right, straight,or beep)or augmentexisting setsof procedural
commands.They could even say, OWhenyou are done with

your commands,Ocelebrate, @0 OGofind anotherrobot and
ignore other fiducials.O

Oneof the most compelling scenariosthus far, for the diverse
usersof the ALERT systems,has beenrobotic Opet-building.O
This scenarioadds a direct creative social componentthat
makes the integration of video gamesand robots more
engagingto thosewho may not otherwisebe attractedto the
stereotypical aesthetic of these technologies (e.g., DOS
promptsand weapons).

Figure 2: Close-upview of a frog-themed iRobot Create with
a OcamouflagedWireless camera abovethe frog's eyes.

Through the combinationof varied elementsof the 3.1-3.4
scenarios,robotsOshort- and long-term behaviors can be



developed. Just as users have become engagedin the
appearancef their gamecharacterand avatars ALERT users
havebecomeengagedin physically and virtually augmenting
the Ocuteness@f the robots with wiggle eyes, colorful clay,

wagging tails, and projectedelementsin order to createpets
(e.g.,birds and frogs). This is also a scenariothat allows for

further explorationof balancinglevels of autonomyb petsdo

not require constantdirect interaction,and, likewise, they do

not always pay attentionto their owners. Pets can recognize
their owners through sequencesof interactions with their

sensorscamerasand/orthrough fiducials used as IDs. The
tracked objects can be used as virtual leashesto OwalkOor

guide robotic petsthrough a virtual or physical environment
andtrain the petsto do tricks and acceptand reactto fiducials
as virtual rewards. Interactionsin this realm can lead to the
developmentof unique behavioral characteristicsin the
robotic pets and to elementsof OsocialbondingObetweenthe
humansand their robotic pets [Picard 1997; Bickmore and
Picard2004]. In the nearfuture we will be incorporatingface
recognition and wearablephysiological sensorsinto the pet-
building scenarios.

2. ACTIVE LEARNING IN MEDIATED
ENVIRONMENTS

Most of the ALERT scenariosand applications were tested
within ASUOsActive Learning in Mediated Environments
course,a project-baseddesign course within which much of

the ALERT systemwas developed. Eight to ten studentsand
teachergangingin agefrom 19 to ~50 usedthe systemduring

thesesessions. They wereinitially alittle more hesitantthan
the children in our user studies to interact with the system.
However,afterthefirst few tries they becamevery enthusiastic
and engagedfully in all of the diverse scenariosand
applicationsthat the system affords. In one interaction,
robotic soundswere added to the scenario: the robot was
babbling to itself as it moved through the maze. This

experienceled to somethrilled interpretationslike, OOh,itOs
talking!O

2.1 Active, Engaged, and Alert Learners
Engaging subject matter promoteslearning. Gaining and
holding the attentionof studentsin todayOslassroomscanbe
difficult. For studentslacking experiencewith, or doubting
their capacityin, a given subject, this problem is amplified.
Oneway to makea subject inviting for these studentsis to
provide a OlowfloorO (a point of entry that is simple and
intuitive) [Resnick1991]. Our systemprovides this low floor
through the natural just-in-time programmingenabledby the
fiducials (as describedin sections2.1 and 3.1-3.7). The
storylines and themes establishedby the participants and
appealing scenarios and applications serve to maintain
interestin the learning experiencesoffered by the ALERT
system. The multimodal interactionsand feedbackprovided
by this systemcreatea dynamic user experiencewith multiple
channels for information transmission, serving diverse
thinking and learning styles [Gardner 1983]. Thesechannels
include audio and video feedback, kinesthetic experiences
through the use of tangible interfaces, and verbal
communicationsetweenusers.

Our systemis intendedto engagestudentson multiple levels.
At its basic level (the Olow floorQ), it provides problem
solving and competitive gamesthat require logical thinking
and spatialreasoningskills. At a mediumlevel, it offers the

opportunity for studentsto create their own games and

challengesuysingthe systemasit alreadyexists. This requires
more creativethinking and a deeperunderstandingf the tools

weOvecreated. At a still higher level, revealing the high

ceiling of the project, studentscan delve into the designand

programmingof the individual technology componentsthat

make up the system, altering and expanding on what weOve
provided. Studentsenterthe systemenjoying the seemingly
magical control over the robotsO actions through

communicatingcommandsby showing the robots printed

images (the fiducial markers), but eventually want to

understanchow to perform the magic trick ® how to do the

programmingthat makesthe systemwork.

Just as games can start off being easy (so as not to
immediately frustrate players) but gradually become more
challenging(so as to remain engaging as the playersGskills
improve), a learningsystemshould be dynamic and adaptable
in orderto maintainits effectivenessasa teachingtool. One of
the strengthsof our systemis its flexibility. It functionsasan
open-endedearning environmentin which studentscan freely
play, explore, invent, and evolve understandingsof space,
timing, logic, interrelations,and dependencies. In certain
scenariosALERT systemscan also aid learning of specific
directedlessons,such as a geometryproblemillustrating the
Pythagoreantheorem. Students show an enthusiastic
willingness to combine multiple scenariosand approaches
when working with and designingrobots and robot-robot or
video-robotinteractions.WeOvebservedtheseself-motivated
and largely self-directedcreativeactivities to be a promising
way to generatediversehybrid video-roboticgames.

Throughout this participatory design and development
process.emergentbehaviors frequently occur in the system,
suggestingnew games and learning activities, including

puzzles,hide-and-seeKand other robotic implementationsof

traditional childrenOgjames),and artistic applications (such
asdancing). To datewe are capturingtheseideas and using

them to develop and refine additional scenarios and

applications.

3. CONCLUSIONS

The ALERT systemand the iterative participatory design,
developmentand evaluationdescribedin this paperrepresent
the evolution of, and contributionsto, a new spatial paradigm
for advancing video game technologies, human-robot
interactions, and embodied educational experiences,in
physical environments.The diverse systems,scenarios,and
applications presentedhere show the significant potential
afforded by integratingrobots and video gamesthrough the
use of tangible fiducial interactions. Within the ALERT
system, human-robot interactions and programming
experienceganbe madeaccessibldo userswith no traditional
programming experience by simply leveraging their
preexisting logical thinking abilities and experiencewith
everyday programmingexamplessuch as street signs (stop,
go, speedlimit, right turn). Since humans,robots, and video
environmentsshare many inherently spatial qualities, this
natural style of physical programmingis particularly well
suitedto fostering playful interactionswith mobile robots in
dynamic video environments.The low floor of this system
makesexperienceswith technology easy and exciting and
opensup STEM learningexperienceso thoseindividuals who



aretypically not drawnto thesesubjects.The ALERT scenarios
and applicationsare enabling a very broad range of gamers,
learners,and developersto generateand engagein their own

physically interactivegames. The attractive qualities of video

games,including interesting charactersstorylines, and multi-

sensoryfeedbackmechanismscombinedwith the physically
active involvement promoted by robotic elements and

tangible fiducials, are resulting in systemsthat broadenthe

capabilities of video game technology and human-robot
interaction.
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